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SECTION |

INTRO.LLTION

hiResearcin®s develcprent 'of Pro’ect rtercury. wemini, and Apollo environ-
mental contral systems, advanced life suppourt system studies, etc.. has
ceused niResearch fo take a vita: interest in life support functions in
spacefligit, and tas naturally led to a deeper study of aerospace medicel

instrumentaticn.

Stood pressure studies were initiated at AiResearch in {958 to support
the then current studies »f the Project Mercury environmenta! control system
studies ~nd hardware development. Initially, the effort was concerned «ith

ovtaining correlations which would allow interpretation of convertional

spnygmograms. The primary reguirement fur the study was that the blood pres-

‘sure indicies must be exceedingly cluse to those measured with the stetho-

scope. Althougn other indicies may ve useful, they cannot be interpreted
vithin the framevurk of more than 50 years of data taken oy physicians atll
ové:”the world. A$ a result of these studies, a compact, portaule electronic
blood pressyr3~575f;m was developed which unambiguously preserted the con-

ventional systolic and diastolic indicies in a clear, graphical disptlay.

With cne excepticn, the electronic olood:pressure system, differs orly

sligntly In principie from the standard clinical (ausculatory! instrumentation.

Both employ an occluding cuff pressarization source, a bieed rate device. an

occluding cuff, and a cuff pressure transducer, pressure gauge, Cr mercury

manome‘e' A*he one exceptnon is that the %tetkoscope"auscuiatory'method‘

nS'replaced by a-mtcrophone. the- ou~put of which is conditioned by an elec-

'trenlc ampllfier and se,ectlve filter —The resulting output on a <Lr:p

R

chart- recorder is a plot of'guff pressure vs time, depactlng the se!erted’

‘Vfbleed-down with superimpos»d putses from_the korotkoff sound detection chan-

'-‘ﬁe%— - The first:pulse»durlng-u)eed-down denotes the systollc pressure,. wh:te

the last pulse denotes the diasto!rc pressure. A more thorOugh dlscu55r0n nL

[

'fj ﬁlbod ?ressure ﬂea&urement System, *neory of Operatlan," fC*a076-R Rev.n : E-

FC-&SSO "
P;age | l)\-'

: /of tne electrOnsc b!ood pressure system ;s prgsented in Appendlx A A‘tBesearch




SECTION 2

PROJECT MERCUF- VCONTRACT HAS 5-59)

SEMERAL

Effort on the sulsequent develo; nent contract for a blood pressure
measuriag system ("PMS) for Project tercur; was primarily almed at improving
the perforwance f thc pulse channel, adding req:ired pneumatic c,cling, and
repackaging for compatiullity with <pace capsule Installation. Installation
provlems encountered al varicus stages through the Proiect Mercury prograw

caused a multipi: number of systems to Le develop.d with varying degiees of

E

suphisticatiovn. Preumatic cycling ranged from completely manual to semi-

automatic, to completel, automatic.

i : The semiautomatic systems were completely qualified. and successfully
complieted multiple orbital missions. The following areas left room for

improvement for sunsequent contracts and projecis:
: i. Packaging
| 2. Pressure transducer performance
3. Galn control adjustment

Packaging of the semiautomatic sy<iem sufi{ered from program timing, etc.,
to the extent that AlResearch and the customer had to agree to spread com-
ponents throughout the space capsule. Weight and size improvements were
obv}ousiy aiajtaﬁie'if the function of the system cuu.c be redefined, if more

_/étate=dfiin§;atf components were substituted, and if more advanced electronic

packagling were employed. ) T -

Though probauly che best pressare transducer was employed for the appli-
catlon at hand, its peﬂformance left much to ve deslred. Redefinition of
. e the required output and emp'oyment of Subsequent developments wou | & much
4 - lmprove this p!cture. L o o -

e BN ) - -3

The gain.control functlons preper!y& ot left ‘ometh:ng to -be desired

[,

;f;fxiff'“ﬁen consldering a new or untzalned operator. If it was inadvertently set.

lncorrectly, co'rect data cou!d oe masked Ly spurcous noise or missing pulses.

u/%, = = -
; N Fee4550 7
i L -msdhcumurmuafm “'wf" B . N Page 2._ e
A s 12 . P PR e p i N ?J )
P . . 7 P 7 ’ '1 .
L4 ol e e » “ + . ; o -




% REPORTS AYD DATA SUMMARIZED

Fur the reader's co.venlence, listed on succeeding pages are reports pre=
pared on tnis refated previously completed .ontract. The raports are grouped

by subject.

Design Data
FC-3939~MC Compar ison of Cuff Pressure © June 23, 196t

Cycling Methods for Automatic
: < - blood Pressure Measuring Systehs
FC--40) MR Project Mercury Blood Pressure Juiv 31, 1961

Measuring System, AiResearch
C-mments to McDonnell Specification
. SCD45-48727, dated 26 June 1961

e - FC~4033=MR Preliminary, Intérference Control Plan August i7, 1961
= for the llood Pressure Measuriné
’ ‘System P/N 54741

Fe3808-HR - Test Plan for Radio Interference ~ August 30, 1961

) /,//a ' . Control EClood. Fressure Measuring

o e . L system P/N 5474t S
{ L EKFS/iol Power Aha!ysfs. :Yood Pressure August 31,7 1961
5o SR Meaguring System 54741, "Project o T
ix : co ;;@ S .-' Mercury - - : L o - -
s T D e i e S ) S

g ; Failure Analysls, ulood Pressure = September 8, 1961

'::5 s R, fi“ :.Pasurlng System 5474[ Pro]gct - :q' T .
‘ o "R, Descrlptiﬁn-of fﬁs faln Contro! ~;]AJ._Septemyér‘lz; lzg§;¢

for the Mlqraphone Préampﬂ%ftq;
for~AtResearch Pfﬂ $474F

™ «
o o

“_nescrtpvtoq-of the~400 eps
lnvertp* and Voitase Regu)ator




FL=4045~-MR Preliminairv Power Analysis, 3lood September £, 1961
Pressure ‘‘easuring Lystem 54754,

Project Mercury

FC~4044-MR Spare Parts Proposal for the llood feptember 19, 19¢1
) Pressure “easuring System 54741,

Project Mercury

FC-4049-MR Proposed Milestone Chart and Lata September 22, 19¢1
Submittal Schedule, . lood Pressure

| Heasuring S/stem 5474l and 54754

; - Project Mercurv

i

. FC=4046=HR Mllestone Chart and Data Submlttal September 22, 19¢1
‘ , - Schedule. for [ lood Pressure Measuring

: : System 54741, Project Mercury

[ : : .

; BSTE 203 Recommended Ground Support Equipment Septemver, 25, 19¢}

{ ; - for llood Preysure Measuring System

: : - 5474l
? RC~59-MR o Refiévility and Stress Analysis, October 20, 1961

5 T AIBGSearth “lood Pressure Measuring.
1
!

System 54741, Praject Mercury

SA-1147~R ~  Stress Analysis of the 54741 Blood .  December 15, 1961
A Pressure “Measuring %ystem on Project ’
) " Mercury for Hclonnell Alrcraft and
s wAsA : 4: ;

«  FC=407%=R, Rev.l  AiReseaich nlood PreSSure Measurement ) ‘February 28; 1962 - ” -

~ystem, Theory of - Operation s

3 ~

CFCaAlEIMR - 0 AiRnSearch Comments to #coonnell * . - March 7, 1982 R |
. ) Spécification ‘SC045<88727, Revision R
_‘ﬁ}Y" 54 Sated 14 *December., 1961. Projeet 1“:: . 77“( C .3; B 4=1':*A -
‘j;L,J‘A - Hercurg lcod Preysure Meaaurlng System Al_a('. f\‘ L "‘VT é:.;'

4 . I .,_ )

SA-II?O-#B, fwg ~'_-tresscoat and Qursc Tests of the 136690 ﬁgrqﬁfié,fi962{q;ufz EE;

e nygea: ott!g for the 33bod Pressure 'i, C e "f~‘335 PR
. 3”’;}'ff'/ f Measurlng °ystem on Proiect ﬁursury o AN IR B

i A RWH WUPM.TUR‘,NMW .
¢ e o n




FC-4024-R Correlation Tests on AlResearch April 30, 1962
A glood‘PreSSure'Veasuring System
54743
Fr.-4236-hR AlResearch Comments to McDonnell October 18, 1962

Specification S5CD45~35727, Revision
E, dated |7 August 1962, Project ,
Mercury 2lood Pressure Hedsuutng/

System

FE-42402<FR . AiResearch Recommended Procedure for October 19, [962
Installation of liiood Pressure Cuff
and icrophone 3PHS 54778, Pro;ect

Mercury

S ) - FC-4276=-MR Procedure for tetting Leln December 21, 1962
' Contro‘ and for l'ats Readout '

ﬂiood Pressure Measuring <ystem ]

Controller ;19956, Project ﬁercury

Acceptaiice Testing. .

5 FCe3977-MR Acceptance Test Procedure = © March 15, 196]

? A ; . Manifold, Gaseous 513827 ‘ S .
5w .f, L o, - Manifold, aaseous 513828 . - ) -
: - ' ’ - e Mankfcld &aseous Aux. 5I3903 '7 . -
R ° o 7' » . Pro;ec* Neruurv e "L; /f
 &"J““JfL FC-&O?Q-HR _Bev. I ~'Acceptance Test Rrocedure, Blood, ‘ ‘Decemb§} 2, 19¢l o
hf . ', »c.&OQé-HR Rev. 2 Pféisare:“easurfng System- Cantrollers 'f ’Febru%?/us 1962g!~
‘ - ;ﬁ" C-&09U-MK, Bev 57' 5&09!0-&,-2 -5 and -i I Septomoer 6 l962}u
r ’FC~4!0193R i ; Acceptance Teig Procedure, Pneumat!c g }anuary 2, 1962 {Uﬂ

Campongnts, QJOOd Pressunp Measuring '¢“7‘
Sys ;eﬁN‘m‘IéQ »” Proj\ ct He rcury ‘
\\ 4

N o
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I
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o LA
; FC=41 39—-"'.R,

P FC-4071-R -

. FC<4059<"1R

A . "
Y ;o - K
1] ",\
‘ ‘ ‘-/ ‘
Rev.| Acceptancé Vest PFDCcdure, Micro- Jugust 29, 1961
' ;idhone 51313, troiéqt Mercury "
R : ' Y : : ‘ o

ench Vest Procedures, Llood Pressure’ '. October 2. 1962 ' o

Measufln; .ystom 54T4L '-rosect Mercury

Po< -Installatxon '}e nydt ?rocedur°s

lonq.Ptessurc .Pasu:ing System né?bl ’

N Project Mercury ' : . 0o
) ' ‘ N ' . ' . . . , :\
s - ) ' ) , ) . Y
ﬂ" FC-4274-MR sench.est ®rocedures, llood Pressure October 25‘"7{ 7] . e
i 3 o W _ ‘ - A -
¢ Heasuring Systeins 34787, 54749, and ' Co o
4 . “15411&, Project Mercury ' SR
i FORall=bR . Post~Installation Creckout ?rdcedﬁres, OctOuer 26, 1962
- g ' “ Tlood Pressure Measuring Systems 54769+, . T
i( Hand :4775, Pro;ec‘ Meﬂcury“ ? .
4 o L e R ) . . .
3 gud iftcatlwn and Fllgbgrdor thiness uestnnL‘L T e , ' ' ERA )
i : , ‘ - . ‘ '
5. " c-4pJo-4a Fllgnq/WOrtHiness Test Procedure, ‘Septemver 26, (%61
* o ' luod\dres§ufe Heasurlng S/stem r\loul ‘ . .
i i ) ¢ o R
i . N Proiect aercury . o B L AN - SO
I‘ ) , " B “ \ ' - ’ ' “a , ) v "" . . h R ;
_j " FC=a117-MR " Qualificatlon ~est Procedure, Senii- 1, ~ February 2, 1962 VR
? ‘ T - N © Automatic_ :Iood‘Pressure Measur Ing ' . S 5
h ¢ 4 Y1 . . l:" ' " . . Bt . ¢ “, . " v
fouf i “ - &ystems 547u9 and 54775 ~Pru}ct» c : e . MR
: » “ I\ N g o e - v e !
} 7 , . \\\ e Mercur/ . B T . : IR < ‘ o
' FC=4143-MR %\ Fallure Report Mo, .t of .Blood Pressure MarchAB, 1962 S
S o " . ) . ” ) A . S -
" r[4 oo Neasurlng sttem 5&778 o e e NI T §<\ Ca
: , ‘ Lo Lot _ : AN
i “- FC-A!!?—NR Rev l\\\Oualofi atlon est Procedure) Sem|- " Mavch 9 I962 e S
. o L, ' '
{ \ . , wAutomatic " lood rrnssure Heasuring St L, i
Y stems 54769 and 54778 Project - - . » oL
L‘w . R "'; ’ : - P72 N W LC
g “ o, 4 VT . w " L ’ ' - s » ¢ s ,’ . ( ’ u“ u' . "‘:.«‘Cw 2l
B Y, FCo41ET-MR Faiiuxe Repoft Ho. zvlvlood “resﬁyre . qu‘?}\!yog_g%,-\A s
H [T i .“ N | - RS RARTIN g 0’: 12 . :,' N .
K A . P Neasurf\a\9ystem~547ﬁ8, Dro)ec: Mercury e e T e T
“ < - o o Ji“ Lo A e s T
L ) D ‘. -0 ) o “" Y . ) ; '—\.N\ e e
Q\nir.‘-> R f§:§{847pﬂ; N PeLl re- Rep et No. 3 ﬁleod Presphre -~ May 29, tgé?. %J el
1 o “ Measaﬁlng\Sys m 54778, Prajecf/nercury Soe e )»“ N
o . v K A A P CI0) et
L u b ~ y = ~l w7 - L7S">%\ﬁ"‘1,f = IO A o
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= Cone T T L CSECTION 3 T - C )
" e ) o T g : - . .
£ T ! NCRY “
. . CEIND - PROTOTYPE {CONTRACT HAS 9-1,89} _
\",q i . ) ; .- - B . .
g - - T .7 2 : <z 3 R
4c . T e e ) . -
P - R - ,}','- ! - - R S o
g a - T- _{- : . ) 7 B / )

e'_*efm’ |on of the ou p.st a-xd funcclov of the "PH made possable a dras~

-t ‘ I.IC redncf;on in’ the sxze .and wem,,f‘t as ‘.orapared to’ the Proaect He/cur,' 3PF.,.‘
) A vnr, thorc;ugh and exhaustlve progra’a »to develop a" sohd-sta’é semucanductor »

.

€ 7" stra!n-gauge pressure tr ,1sau<:er» resu-teu ln -3 mnmature f'r.ram-gauger pres-

c e i -
sm‘e tt:ansducer surpasslng 'the perfomance of the ?ro ect ercury counterpart .
&

- t R
e e with @ 1arge* savipes in wengbt.sslze and power ce’nsmnption. B -vrrher deve]op-
ment of the gu&se channei made possw,le tP‘e enrymatlon of one of the two

#na ~amPIifier-ther secttons \praviouﬂy réqu]red for:;'pmlect M"l’cury drastn- :
fw- Q_h,ej ga i nu?cont ro ! _ va lmos‘f ¢

'\
l

T Wwe-

Ti‘!é dcs fgn ecoacgpt; of the Bro jeét Gcmm:i prototype ls oasgd n.pon the' i? w

'fﬂercgnry ﬁi%od; &rgssu Neasm' an Systetﬁs fotofype desx.gm monitors tbe

MR “ & \‘,‘
an

l Komtkotf «s_&mds émaqa’ﬂng ‘qfom tﬁ'eghrachlal artbery a‘ad supegmpos#s rhns e

- o
¢ o S v v

p'u%:ée 5&‘gnat op‘tehe requ .géc! Ok 20" nw? d-c ;wigna! proportibnal to cuf\fo gres-iﬁ,;‘, '

eﬁiw ;o signal Flew aﬁé gat Vc-.‘

N

'é‘nt} Fén(ggmm@j\ : 6‘{? iﬁﬂet Rm»‘?itherﬁ‘

§
e

i} &;?JF :,‘

‘

3’
&

:’ :@n mé‘ 1& Foadat
L

L “Mw‘t ‘b kl

R

, ‘A‘:-‘f?\ "Oneffagmg “Iﬁ‘&e'émcg“gms, Qrofétypoé“o& ~L“

s’) > <
c;" Bém 1&&, "fc-i,Wmé\ zvdat eﬁ“
Ll o | Q




o ' i i S8 - . . S
,é:?- . CJulyi 29, 19633 is néer§"'|Oentucal te tne upefation requirad fer the P-aject

Hercury senlautOﬂat ic s.sten except that tre occluding cuff is-manual !; infla~

ted.

a,

. - T - "ot

*.§lz >, puter ‘consumption, performance, and location werz the major factors
>y B ! . P) 3|

tq"bé-tonsl-'iieried for thé deve lopnent ,s.~f a solid-é'ate str’ain-ganige pressure
T " transducer. Onre of tne first pressa.e Lra sducers emplo,ved was a CEC 4-325.

Lo _} During the initrjal sfages o. the prugraﬁ, lt appeared that it WOL’d e re-”

"f plaCed by a %u i‘or s transducer. since it was not sohd—state (hence it -

-

*rreoulred oxd ‘sive current or:- an add-on dlffﬂrentlal G-c am ‘nftnr s 1
/ - exhubitea a fora factcar ’i’at was not conducwe to the locatlons then con-
s‘derea and lt had an exposed sensor, dnaphraqm wh :c’u, with tme prow'a
6 0@ a smr-ous nandlmg proslem; “transducers were danaged bw-'ono repair: & p

'%nd rep-ace*n?nt uas ampered ':y Sror; 543 ppiv -and long lead tmte.‘ Hc..ever

—'l,cont mued effort_mth other p*‘essmé t'a@d.xcer *tanufacturers uwcovered even

'mre iasuﬁmuntable pmslem;, as Gn.russed in hppendlx C Tronsducer »va!ua-:

tiorr ‘eport Sel@a-itate de‘ fedn !m:;or Stra m-uaug .,f’ro_'ect Gewim BFﬁ - -

rc-ms-vg dated 0ctober9 19630 o : Sl TR

¥ Gne of the alternat we ﬂanufacturers d:scus&ed ‘Append:x € tnanufactured
aiid de!wered excess‘tve-iw !ate a—pressure rransmn;-ﬂ- -«l’ngb appeared to he .

',sat\sfactor; during pre,bminarv test _..«foe’!"wed to deli iver-a- sécoad pres-

z o

surQ_ transducer or the” sam# ozde ‘due, to exresslve manufad*ursng costs and

4 2

- .seglaus tecbnlcai prob!am-s em:(-unter Auo,tner of_the alterr@tlve nta-tu-
fasbm-'ers s«?mrttect aeve.ar pressure nsducers fcr eValuatxon tbrwgh thc v ~
T L e -

roéra*n“bdt wés plégﬁe—d u:t!f ‘serﬂious problev‘vs mL fl aﬂ*; couh. not com;ﬂe"fe
«? b and. Thpa]

..c- eliminat‘e tr,ese Prohlems e t.he\,arl lotte f%ige. . (

< . v

mé’

,,;rgducisg ;&»e reqﬂi?ﬁ’&d gxci"tar qpts angio hem:e L.em;:lns
b o 'Lz 0 .

e ?‘reg ?Ebnsumpt wn t(} an *BCC\"ptaa REAT /@7?’2 . 'Ehe case dﬁ*&l&l‘f was

l _'\\ o I.\ ¢ %
Y ncl@se th» scﬁs,gﬁ ”d;gzpizrag:r. (hds g!i@xﬁnaftsng Qandh‘ha prol.!rms,‘, : k
v, ]n‘gorpn}'at'lon o.f tn&pres;ure ‘trar\gudcef»igféu tffg $1 na¥ cqndﬂbner Lo

""5eamod._zfneci gramducer%s e

\

mgdulez( tr_gs ‘é.}lmnat iittg Lany krcat |pw pno 1em=u.\

3

°jdeﬁt|f‘§abd»>;u ~o§ ﬁ‘?tv’&ﬂ;ﬁh}o. «

@ :'4:




1

Since the reductisn in cize 35 1@?;rt recuired tiglﬁaé‘o% many @iﬁSéture“
conponents, sume of wrich were unﬂrov 5’.§n extensive, cbéﬁonpnt evaluation .
program was conducted. 70 avoid dPStr!rtIO ur reaa"'of vie | ded woduies. |
various test 'igs were designed and erp’ laved to,t§$t ~0”ponen in the float

I
e

circuit conmgura'lor pnor to ue!m.. .o

The prograi for ueve'oprent of manuzi inflalurs was expanded beyond that

. requir<d for,-“e systems originally ijvftu. The expansion in the program, -

desc*tned in ApanGlx D. "Deveiopment ewd est Program, ?ua“ :urpose #anual
Nl

) Int‘atur 3atl3*~2 | Ff-4-72. dat—d uﬂce?“ﬂr 16, 1363, was due to the fol-
“ luhlﬂg HASA- requ°stsv ) -
: oA : :
¢ ,

1. Change the pneumatlc~connccf9r ‘rOﬁ fhe Heruury-type probe to ‘that
o N -z = compattu-e u:t% e .ensr|-71pv connector "devejoped. later in the . :
oo, f L prbcram. ) __ ,,ﬁr*. ' : = ‘
; - B * - "
< = \ 2, ' i wi,
‘ X 2. Provide functions requivsd forqyater tank puwping in addlfion o -
oo, b ioud pressure functnoné&“' o - S T o
; b ; Rdditiéxal modnt.catlcn uas uﬁ%!uded in th° duai-purpose nanual :nflator R )
;_ 4\" A . . - l :, 7!»
b i bleed-doun time |f quuured at 3 lat r\date. ;”' CL “’a‘ﬂ “;”\ j L -
N Tl L e s
P o As the program prooressed it was n@ted tHat ‘the ' epoxy pott:ng m¢terial R
i E useﬂdurmg thé final stages of sngnal cpnd:tlonor mam&facture changed’/ the :
S t*’mperature coefficient of the: pressurer%fransducer.. To avmd this c‘)angeo and L
- (__, conse'm:ent upsettmg af the temperature compe}s“at ion. a prep!oftt‘lng mdiflcao SRR .
el . Dy - .
SEe e T tlen was added ;tg the pressm‘e transduc er idesitifi ed by P/N l7t&59-0mlx o

SR gapoa“s-}wn D@\A sunmmzso Lo UL RS RE

A L < ‘. . S el Y S \f oL w

Por the reader 5- convemencé listed on 7ucx:eed mg\fages are report

The repof‘ts are

‘3 L u

tZ/aCt

&y oo e

< I :{f N T
z LI w

- : \"‘rz'“ ¥ o
Parts PN lsl: "freadbo«rd ‘of. blgv!ood

N ~ o
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SECVTION 4

PROLEC™ REMINI - PRO. 'T7ION 00" 07 NAY 6-2887°

SENERAL K

-

The production contract for the .erini :FHS u,w essence. a coatlnuat ion
uf tie develupment program encountered in the proc;pe contrac:. A new pot
tang material was substituted in an.effort tc ease temperaturn conpensainon
proulens and to avoid the _rittleness of tne previously employed materaals.

A caliuration »ircu:t was 3evg|~ped and iscorporated in all procuction sig-
nal COﬂdltlUu?f% A qualnf:cation test program was conducted and success=-

fully passed. The manual inflator was mog ified to provide additinna! struc-

tural strength.

2

s

A program was conducted to eliminate the stage of manbfa;ture employed
in the protot;pe coatract where jigs weré"employedzto test all conponents
tn the flnal clrcuit coﬁfigurétién prior to welding. As alresultp speéific
u seﬁected compcnents are left ocut curing a first-stage we!d.ng. Witk the use

of special vielded ~clrcuit ho!dung jig and test oacel, tné seiected.components

dre chosen and tested In the near.d7com leted welded circuit. Special prepa-
P

iu ratlon of the mylars allows snsert1Cﬂ of taese selected componerts during a

F

seccnd welding 'stage... . , e mE . 4 )

A tecbnlque has been reduced to pract:ce for temperahure-compensatlng

slgnal coudttloners By taking advantagé of the oase-to-emltter voltage tem- .

perature coefficient b/ varying the- current Jin the two’ legs of the dnfferen-,,nm

tial ampllfter.».nhls repor‘emle utem is descrlibed in ocket f~26|7. It has

not yet been estaulished (E 3 thns Item const;tutes an znventlon E wo
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fer t-e terms of the contract.

10 pressure transaucers., Each

"1 signal cenaiticner. 532139-1-2

| microphone, 53¢178-2-] "

| manual inflator, 53316¢~2~1

REPORTS =t DA™A { S HMARIZED

1

“ASA supplied AiResearch with the first

tMS 54433 qusisgs of the followingi'

' The faliowing reports were prepared as 3 part of this contrS&;'and are
grouped by suvject: ‘ : '
' Design Jate’ '
. T 03-9MRBIL 7/  Power kzauirements ata, ~lood July 24, 1564
. Preszure Measuring &,stem 54803, ¢
: Project Temini ' ,
: Accetance Testing SR
: - FC-4522 - Acceptance est Procedure, “lood . . September 15, 1954
) U o oo N
: T rressurg feasuring 5,stem ©UM .
; ; 54303 Jemini . o D
: { . . ‘ . L , . :
L "FC-4522, Rev.} Acceptance Test Procedire,  lood, Octouver 12, 19064
} a L, . : N - 5
! Pressure ‘easuring Systen “’h ‘ y i A ’
' 54303 Zeminli B N
Gualiflcatlon Testing 4 . v ” :
. ~') . - " . ) ., ) , ) .|, . ' A .
B FC=4324 ( Ouallficatuon Test Procedure © 'Septembel 30, 1964 B
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n : o . R y . i .
W oo Heasurlny Tystem, AiResearch . - \ ‘- )
Lo o P/N 54803 v ) . X
; " ) “ ) ' . . " / . ' v i ‘..) ~
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93-9MR104 Fallure Report Mo. 1, .lood Lecember 3, 1964
Pressure “easuring Ssstem 54503 '

p

i .Project Zlemini, Uontract bMAS9-2887

92-9MRIO6 . -Failure Repcrt He. 2. Lliod Pressure  Decemver 22, 1964
! Measuring S stem 54£0% Project '
. : " Semini, Contract NAY9-:887
93-9MRIID . "Fallure Report No. 3, lood  January 12, 1965

' Pressure Measuyring Svstem 54803
i L Prcjectﬁﬁemini,Contrsct MAS9-2887

s

FC=4541 : Qualification Test Report. slood January 22. 1965
Pressure ileasuring Iystem 34803 ¢
Pr-ject Semini, Contract NAS9-2587 S
_Pragress Repcrting
v93~9ﬂk85 e Pregress Repcrt No. 1, Elccd , July»20, 1964
! X Pressure Measuring System 54803
N ' Project semini;aontraci NAS9=-2587"
" “ . - .) .
? 93-9MR89 : Frcgress Report No 2,Blccd _ ' August 4, 1964
. Pressure Measurnn“ S,stpﬂ 34803 ‘
o m o PrOJect uemnnl i ntract AS9-2387
M. 93-9MR92 - v'Progress Raport No. 3, flood T “August 18, 1964
A W Pressure ﬁnasaring System. 54803 - oo
"o \ " "
o ’ . s Projec ;emln},fontract NA‘9-2887
U e - SN
93-9MR95 Prcgres prort No. 4, alocd N . teptemter |4, 1964
) L Pressure Measurlng Systém 54803 s SRR . '
S WProject. Gemini\Q?ntract NAS9—2£87“ I
. :\\ :" I ’ " - , ) N " , ' i v
o 93-§R393 o < Progress:Report No. 5, Blood Octobetr 4, 1964
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* " In Flgures. | through 7.
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i 93-9MR {01 Progress Report No. ¢, Blood October 22, 1944
A .

4 Pressure Measuring & stem J4833

Ty

3 Project semini,tontract 1A°9 2887

kS 93-9MR {02 Progress Report No. 7, .l0éd Novemoer @, 1964
3 Pressure Measuring Cystem 54803 P
2 ' . Project oémini, Contract NAS9-2887

S s . '.t

: 93«9MR 105 Prigress Report Ne. 8, Tlcod . December 7, 1964
A Pressure Measaring §/stem 54403 '

¢ , ‘Preject Cemini.icntract NAT9-2887

t . ' . | e

; 93-9MRIT - Progress Report No. 9 ilood January 15, 1965
3 Pressure Measuring System 5460@ “

% N Picject :emtni,ﬁcntract-tAS9~ZBoI

Acceptance test data acccmpanied eacn of tiie 21 s/stems when snipped to

An example cof the data accpﬁpénying'each system i§ that ‘shown

!
}
; - . . L 7 ) e
g .Draviing> prepared or still in effectwfor this contract are listed bLelow’ .
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é B o Part, Name Part Number
f‘i “!ood Pressure Measuring Siﬁtem “ 0
L3 . ' lt N v ¢ . ’ o
) ‘ "Measurtng System, ulood Pressure 54803 f;
.o ‘ , .o ! 2
. |, Wiring oiagram Schemat ic, "2100d Pressure ) 806130 y
{ A Measur ing S/stg : . a ‘ '
1 . “ S Y ) ) ’ - .
PN Mleroghoné~ e .o .- ' N
- ' o LN - . - v "
v .Mlcrophone, Hlood Pressure L 3'538178 v, . '
N . e ' - W
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. N N 5y ) ' N - " Py Q ,
L, s Sleeve, Wire Eptry 7-° . o “806121 \\ o .
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C.using, Micropnone ; 80¢122
é. " ‘erminal Assemsl.,. #icropuone ' S s
1:, ‘ ) P'ate,‘ldentificatlon.'Nlcropnwneil . o ] 50&!24 ‘
j“ -ousing Assem Microphone : 800125
- 'I‘Termiqa! Jtard, Hlcrepiore ,‘ . 59;}26

sl ) ‘ Caible Assemnl., t#icrophone ‘ 1 806127

o ‘ " Crystal, Piezc-Electric c, Llnﬁfpblc W T 537148

K

) ' © ' Signal Ccndxtioner . S

}i' . " _Signal Conditioner, leod Pressure i 538180
ii L ¢ Measuring Sygtem ' . " )
’ uronsducer and .hermistor PSSemui/ | 806131

‘Plate Ident:fncatxon, Slgnal bgndltloner v 806131
- Manual Inflator ' " H' SRR

“ o

Inflator, Outline, fanual B : '.\ 538!86

'3N . I“Infiétor Agsemily, Dual-Pdrppse ‘ T 806110
\§“ o Valve Assemily,>AlinCopgrol" ' L “N'bOCOQO
oo \\ykh o Housing, Qg}ve Seat o - , X: : ' (bOLle )
), g = : : e P
N 'Adabter,"ﬁ{r Control Valve v ﬁ' ~ 808105
B \\ .. Pin, Shoglder, ieadless . n . sostos
« i = N, y 'aefathr"" ‘ o L . . 806107 N
?5 v ’ . Lﬁﬁuusing, Check Valvé f - . ;ﬂl‘; 3 E staont
o T W valve Assembly, Check, Stopr e 5102
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e N § . . ' 3
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¢ I.\ N . N N "
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I a.4.1 Pressure Test o — SN .
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: For future spacefl t5 such as Project Geitiai ard Project Apcllo and ' /
even in L laborstorv,,it agpears that the Geitini-BPMC hasJﬁepn deQeldoed 4 ﬂ
, to a near fpol-proof operational system for the measurement of any Sl ject’ . u .
f . tloed 2t w_tre, especizlly vhere a permancnt reqord is desived. Conﬁioeriig
é tie protat 1z future apglications, no adoltional niniaturization or refine-
Z ment <poutirs practical.
:
", wher : the suﬁjer"- per arm Iy not TLafl]y avallahle. whe:re repeafedf
f meastrements are requirad but contiruous Iastallation of the sustem is ‘ '
: ‘undesiratle and repeatsd ro-iistallations ave difficult, or wixre repeated

measurements are dcslran!e in o short pcriod of time: a logical extension
of the Gemini-£PMS Ts recommznded,  The tasic know—ho., signal characteris—
tics, and operating principles estatlizhed in the dévelopment of the Gemini-

BP.'S Lave put AiRcsearch in an‘éxcelfcnt éositiod to detelop an operational

o o | s maie o ey«

digit plethysmugraph (PP3). It is >uggested that corrélation of tnclfwo

systens could be erceecingly close. Also, n;adout of the TP3 coald 5e a

\ permdnent graphacai recordzng Idtnt:cal te the BPMS or Some other WOFL o , '
desiratla output such as a ;Lbject-reaa meter. ' ﬂl
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?ﬁ . oo ! INTRODUCTION -,
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G ° < !
Considerable time has béen expended in attempting Lo gain more o
[ ,nfor*ratu'n conee rnmf: fhv lu iith of tue hv.u't ‘without rf*snrtmt, w surzical
) techu:ﬁ;ues. The pnmmve mean': of vhserving the: hoart was to listen
- i,“ directl; 4 to the Weart sounds and then ¢ onrpare these sounds with those of
K otbf‘r \'mrm af" hf*arts. Oy xgmallv thesﬂ sounds were preceived by the human
ear aoq\mst the rhe<;t Trmso quundq ar€ caused by muscle contractmns. e :
blond floe, aad. ‘“)fh?: vmratmns which are tranqmltteﬂ throuah the 'nusrlp
and tissue t:, the ¢hest e‘:termr. In 1819, La,:-nnpc mtroduced the” monaur al . ‘ :
e stethoscope. Much 12 ter. Cammann mtmdu/‘- 1 the bmaura‘ \tprsion " The J g ﬂv:
P " next logical c'mfolupme nt was to’ replace tl}é ear thh pressure tramduc#r A
; and to record the hpart Qounds an-a grag : 'I‘hxs technitue of graph:calxv vl
L0 -
rv.-r'ardmg the ac oustxc phenomena assaciated with the car diac écgions is R

. . "

ter med phanecardwgrapi*y o

e - '
ks Ry -

© s
M

l I Smce }\méqevm h has;a s‘ital u'ter%st in lifé support functions in - " - ‘

Y i'. < spaceflight, ’Prfqect Mex:cu}'y enviranmentgl system, Apollo envifonmental” oL

o ¥ aystem advanu:d Tife' support sygtem studles, etc.), these pro‘nlems led, | V :
R na;ura!iy, 1o & deeper study G aeruspace medtcal instrumentatjon.. Asa . < s

SR .:A re&un of the-se #tudtes a cémpac portable electronic Yﬂ’ood pressm‘e syatem vy
.
S has been d_e,\gleppd whveh u'." mmguausly }ix‘e'zents the conve’gtrqpal sv“ét@_lxc )

S S e ! . -
PR o ——en ~ e - _ BN
‘,., o [ . - v

and d;as’(oh(‘ md:crﬂc? ina clear ﬂ-apmcal d‘splay L s SoTe s T e
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P - , : SECTION Nl

CON\;ENTIONA!. RL.GOD PR F URF MEASUREMENT FYSTHEMS

A. BACKGROUND -

b . The science of biood pressare mea_suremént is l;“['.’l‘r("d tis as

) sphygmomanometry. The bloud pressure varies Detween the peak and
L St . trough values of the pulse. The ncak and trough wave are referred o
- B : as the gystolic and diastclic pressur«s. respectively. The variation

s\\ E - of, thc» pressure through t'xe "xrculatnr\' sivstem is indicated ia Figure 1.
. This shows that the pressure does not decrease appreuahlv until in
- the large a.tpnes. but dees drop: on passage through the arteries and

13

. capulanect ' St § -
IO ) . . The sphvgmuman-m:v.er has been part of the standard practicing
? . - equxpmem of the phvcnman for the past n@f ('cnturv -Although it was

prnceded hv e.u'her aids. the clm-elnpnwnt of this relatively 5!mple
- device roqmred more thian a ceatury =f research and’ expPrxmenlahnn
by a s:wvesQ ion of famous pthmlce:.sts wnd phv<n ians.

S ) T ln 1"33 ‘Str*phvn Hales ‘effectest the first recorded measurement
N of hlncd prMsure hy msertmn of a ube (canrulation) into the leg anerv
Ct .. tof a hm'é“e and cnrmm‘tm[., it tc a verhcai tube-.  The blood in the tube.

S ruse shghtlv more tﬁ:m 8 ft, an accurate mvasurement of blooa nreseuxe

. N the toft t‘en{rwle— was m‘arly a,,centu-'v later that Pu-;emlle
mtrodm’w‘ the. U- ahapo‘d meu.urv mmometcr shown in FlgureY m o
“use wn}taq‘nnul‘qhnn l’luf« m.mumeter which was- fxlled with a saluum

-~

vof ¢ arbonate nf -,mla te prevmt ¢ lnttmg was attached d!rortlv to the .

N ~

arft;rv. L ‘._' o e s L s
S o

Ati carl‘; pz m't m‘b%v mstrumvu! fm'\mmﬁurmgﬁ mdu‘ﬂ'th human‘ S

v

ek " -

mrwmal prp surv v‘lv ﬂw H‘ Iy rbun -"bphvigmnmvtro shn\cn in F‘ygtxre 5
nhm' invw"m! wit’n a me hramv :
Y s

.

um dcmre‘ ('u)’g migrl -v! & m(-:ti‘ gte\
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JRES T T o
RS D . Y tube filled with mercury.
/ { . 4. ] thort arm connected i< artery of
)" ‘ F ': wmimai, ard filled witn s3igton
at 'y of subcarbonate of soda, to.pre-
y vent clottling.
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et o \
. A F Fis, " HERRISON "SPHYGMOMETRE"
X { ‘ ( 1634) )
o ﬁ I R i ) > AB-haif a metasl sphere'cﬁvered
TN o with membrane. . C-stopcotk! p-
y e , ‘7 cacitiary tube filled with mercury.
. 2 B T - The membrane is“placed on the =
> ' . radialartery and the magnitude
S ) of odciilatlin of the mercury
Y N column Is noted. \
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o ane wos v captiary T Ot e s ath g reary, When

e weetaby o S plac e over e eyt cobaoan o v e

oncitiates booass 2 the e vaeratom. The mavimtads of e piabions

vooused e pae ndex cf blecd precsare,
. i . - T . "
Later Aoy dewvr e oot et converient spaviimograpi
winich recorded cadial artery pul cations, Lhowne v Ficure |

He then Jeteloped an instrument which compressed equally all

arterind vesse Lo walls of the forearm and measuved pulsations from i

sinely Cipper, Figure 5 Later, in 17236, omarked advance ecurre i

when Riva-Roc i devised a sphyvgmamanomete r unlizing the
vun Recklinghausen sugpested une
In 1305

yrincipie

preseatly used, Figure 6. 1n 1301,
of the 12 to 14 e culf instead of the vartier 5 em cuff.
Korotkolf intraduc od auscuitation, the con eatvonal principle peinge K
utilized today. “ o
CC(ILUDI\‘G (‘UFF-S'I‘F THOSCOPE
This presg nl means of em‘ctim' an indirect blood pressure measuro- ,
meat « 'msxqta\ /of zn ceclathing cuff positioned over, the brachial artery in '“ ’
the upper az/‘/n and a stethuscope with its chaphragm placement at the
inside of thé ¢ibew (thé antecubital f\cyr&sa). Normally if a stethoscope is
placed ligt xtly an the artery, the bleod flow is inaudiabie. [f the cuf! ‘ '
pressure 18 rarsed 8o as to block {ovclude) the {low of bldod. and then .
reieased, a sharcp tapping sound i rhythm with the heart beat can hp
he‘ir«lf\nth the onset of the blood {low nast tho cuff. This first souml
18 taken as the mde\c oi the svstulu presaure
lnwered,, t}wn ls a Geries of uh.mws in the se und:
murmurhh it thvn becomes louder. finally it hpcnmm muffhwl The .
instant the a«mml dlsappears is us® xllv {aken as the mdw\ uf the diastolwe
I'his nearhycoine ides with thmmomcnt; that! the bmnd sy apes
The 7
associaled with’

first; the sound is . 3

Cpressure

hf'non‘h the cuff in a continuous’ rather than an mtmrmment stream.
{

‘wpands have been explamed as homg \'am‘ular in ?’\tur

ﬂu turbulence in th thlood flow 1.auwd !w th(' UC({Ihdll’g’ ¢ uff ‘ " .
‘ !) ) . ' \- .
N ‘ . : ' ’ ° : : o _ d0e.m
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Figure 4
MAREY SPHYGMOGRAPH

{mproved model. Indirect
{pnsumatic) tranemission
sphygmograph. The movements
of the puice are transmitted
*¢ a rubber tambour and the
changes In pressuyres in this
tambour are recarded on the
smoked paper. Co

M
Bl
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Flgure 5 i

f
MAREY FINGER: h, .
SPHYGHGMSKOETER (11878)

H-glass r;ceptacle‘ b-
mercyry manoneter. ‘a-T tuke.
c-bulb to Increase pressure
in water-fiiled system.
Gsclijations of digital ar-

terles are. transm.>(ed dlrectiy

t0 the mercury tolumn.

i
]
Figure 6 '
"RIVA-ROCCT SPHYGMOMANOMETER
y - (1896)
; , /' In principle the model used
R ,at present.
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R ' ., R . i . o R
§ ( »-‘4m('t‘ tho"p'r‘w»'\vuvf's ’4;1rvad rapedly thrnughnut th: 1!‘f€rld1
H ‘ s.ysh'm .md are madified i \'arwm, degrees by thv nature of the oee luding
’ cuff .mr! by the reflected \'mws. it is ¢lear that determinatrons of K
1 ‘ arterial pressape represent. the muaximal and minimal puis‘:‘e* wave ' \'
4 K pressures: at the powt of measurement. ‘ \ g
* o Ilw primary limitation with thvs t(’rhmque is that it is- ht hlv o
7 suhw('nw m n: ltur( dvpemhmc on such things as the. hearing ahmty uf
‘ E : the examin r, the qmetnvsa of the surroundings, and the resistance of )
the arterial wall, R e ‘ o
; , L. SPHY(}M(-)(}RAM”!N’FFHPR[‘ TA’I‘ION : - -
; . - Another method of mv.:surmg hlood presquro it to use a preqqure ‘ ' ,
} Jue T pickup at ap artery: wnth the oce Iudm;z cutf and record the drtema} '
; 4 pressure pulsen on .: efr'.m.t .L the'off pr essur /vs rélmsvd This tvpe
f ' ) of trave s referred toras, a t:phv* mnirr.im "‘hnn by u};eor\'m;: *iw whapp s
‘ ' “of the zmnrd an x!trmpt r - made e ,)otm mvw the svktuhr dnd diaqmiu : '
g L pressurr.‘;_ !n the past, the rec ‘orded s’mp(: ')I thr' ratac rotic h'nh n! thﬂ 3
'[ o . radial arteryipoise curdk has been Am‘n)pte‘d used as an mdit ation of ‘
I - the xriia:‘st'n'i'ic”v.i!uc . This was mtrndu«- 'l with thé Marey sphy. e:muwraphq | -
" an the llﬁt‘il).s:l. "Hﬁwo‘ or, by "efer‘tu"o fo Fluure 7, which gy a tvpn‘ax ,
y sphvfrnmgr;un it 185 seen that it 1\\ ery “difficult to- (k‘t(‘l\‘mml’ where e
‘ 4 the Vstulu anst diastolic "uu,(-u. oecur, 'I"lus mrlex hm")m-“ u('arlv o § o
! lxﬂl;()‘vnﬂ\)h’ ) r.vtvrmmv af the subject 'is unds:r stregs.”or mriuly’s in..on
‘ | Qh‘l“n,.l}”' SECRERE : L - SR ) - o - s D kN --'&\\
f. CATHETIRIZA nnN C e e S
Sl e e L s : PR , : \ R
C K \mrlhr r heart m !rum(-nmtmn wchnmuo 18 ln mwh E tuyp . K
. - dtrm i‘y mfo the vammik ht,'ul re n"f"lw.' ,, This prot‘( dure, ter e Co e
. o mthcu ru'm-‘n alin\‘\?i. pn sxurw»t.v.n Apetient. :u-msa the. \'cgms ’ md - , U
I . 11‘.!5«»,1» t}:y\d K sample bieod o determine mvwn concentration. . The . o ,) e
_) © . ";‘, ) |$i'e'~5'k4§'t1r(' lt‘“i'h md vibratary sumale’ can hl: sm‘\‘:wl wath a high doﬁg,rce v o
" "u' . S of e :nxn v s m;, tlw fe i':m.qw it *1 h'msdm s u*s(‘q\:f’! %hf* pl{;‘a?l e L, v
'f e N «‘1 . 'f“i:"“,: B fL v " . v o N o : ’* '\: . v
U e LRI o off mm-}z\ S e
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loca'tibn Care, must be ta‘cen not to attenuate the vnb-*atory sxgna,s.

partxcularlv the low frequency onos, by usmg small diameter tumngs

or upemmze L ‘ o

This procedure aJthough entaillng seine rlsk to the patient is L

l‘:ip!dl" hocnmmg apo werful diagnostic methcd in certain heart disease
2sesz . There are over 40- centers in this country ‘where cazheterxz.atwn
s perl’ormpd and the number ‘of competent medtcal Rpacxalists is*

famdiy mcreasmg o e .

k
-

Schenat:cs of t‘afhetenzatlon procedure either by inbertmq of
a tube up a large veesel or puncture cf needle tubmg through the che.,t

® s

are’ shown in Fxguresil 9, and 10, 5
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SECTION
AIRESEARC H BLOOD PHE.SSURE MEASUREMENT. SYSTEM

~INITTIAL STUDIES

: fhe blood pressure studies at AiResearch were initiated in 1958

to support the E-!m't',irnmnental Control System studies and hardware
development. Initially the effort was concerned with obtaining corre-
Iatitil‘s which would allow. interpretation of conventional sphygmograms,
The pr:marv requirement for the study was that the blood pressure '
indices, m ust be exceedingly close to those measured with the stetho-

sc ope. Alt\muqh other indices may be useful, they cannct be mterpreted
w xthm the frame wnrk of over 50 yeurs of data taken by physicians all

over'the world. s-veral hundred sphvgmovramq were taken and cop-

pared with the av(-ragn qybtohc and diastolic mdicee 4s ref‘orded by

termmed by ohservahon of the bpnygmngrams

.Interpretation M the dlasgohc w2s more difficult. - F'nally, the siope of

- the catacrotic noich of the\gx:ssure wave was selected’ as one of the

! ph},smlogncal evaluatlon of 2 man and his. per!ormance in an aerospace Lot

bést correlations with the diastolic value, However all the correlations
proved mxsleadmg on subjects\%mder gtress or on sub)ects who had
mildly exercised. Sucha techmqug ‘was obvnously poor. .,ntermn for

environmental eontrol systyzm.

i)
. \\ L .
o \:/f ‘ . E

SPECTRUM ANALYSIS
in nrdor to find a bettm' coyrelatm; spectrum analysis were

cenductéd on the tape -recorded sphvp;mogra; s, Various frequencws

,'were mveqttgated ranumg fmm several cps toxgeveral hundred cp:,.

Hu'hm fruqucnmos were not xten'swely mveshg\ ted since these
ampl»tudﬂ*s are mnmderah" nwer. Some (requeti\nes were dmcoverod
;;hn h t,nrrelatua \xell w:th \e upper and lower blood\groav.ure valupa

o

., N . N \\\
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determined with & sierhnsmpe. The first appearance of the seleciord
frequenty agrees with the systolic iadex while the disappearunce of
S the sumal correlates: with the dhqwlir value  Fuarther tests on
. various individuals indicated that one particular trequeucy. around

35 cps, produced the most unambu:uou'; res:lts. In some individuals.
4 the 17-18 cps or the 70 cps signals are higher in amplitude, but 35 cps
| will give correct rt‘admvs even for these individuals.

= =
T

In addition to the selection of a particuiar .sienal, tests were
mnducted to verify 1he ophmum position of a mncrophone to detéct the

2 Iy
T

: ' ‘;tronge;t sngnals ’l‘he (rptxmum lncatlon appears to be on the bmchlal
; urtery, near or.under the occlnding cuff on the arm.. Measuremen’
; can be t.zke/n at other points, suck as on th leg, but the signal s*wagth
. is wnsnder..bl ¥ reduveq The brachial artefy position is shown by
i the cros% in Figure 10. \ . |
" s Thé 35 eps qignal can be compaced tc a wide pass band sxg:nai
é - : (sphgmovram) hy refcrence to Figure 11. Thi- figure shows the 35 CP.‘,’, . R
@ © signal superimpo&ed on the cuff pressure s:gnal as the cuff is slowly PR | /./ Z
- bled. The first appearance of the 3% cps signal,. which corre*oonds . Y
) ‘ {o the’ qystohc value of blood pr95sur€ occurs at approximatelv 130 mm - /
. Hg, while tho fnrst appearance of the wide bandpass s.gnal occurs at 1 / «

155 mm Hg. “The dxsappearance of the '35 cps sig'nal is at 100 mm Hg
while the wide bandpass signal,continues to about 80 wm Hg. The

B NG A S 2

,} . . measurement using the stethoempe for th'S subject’ was 399'0"{"’3'}9’3’ JECITI
T 128/95. - e B Lol
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in Bieure

AiResearel blood pressure systens, shown schs mgtically

{2 eonsists of the foloving:

i, .Cult pressurication, soures

Plessire regulator and hleed rate device
3. Decluhng cuff l

4. Cuft pr gsure n-‘au‘sriuu-r“

5. A erystal mic'ruphone

K, An m:plzfmr thh a built in 35 cps filter

7. Signala rixing and (uu(htwnmg circuitry "

¥, ‘Rt‘d lnut device ‘

9. ,Timers. ('yclc inttiation circuifry, switching, musc. !
' N

e

The mpt‘x.ltmn is fairly s‘mple. u\m (uff is pressurised afid bled !

u!f ai a fixed ra!(

while the culff pre.«.aurc".,s\ mpa sured with a pressire
The microphone'picks up the bloud flow sounds under the
These sounds are amplified, filtered and mixed with the cuff

The signals

transducer,
cuff.

are rpcordvd on a strtp chart: re(_ordvr ‘
‘the Tirst appearance nf the 35 cps sounc‘ is }aken as

thc systolic valye whxle thv rm appmrancc is tdken as.the diastolic, as
sh »wrﬁ m Figure l’ ! ' '

R

Ty WITH CLINICAL METHOD i

1 /'”

Smee thls device was’ clevi’lnped n‘vor 200() bluod pressure. mn\asure~ ‘

munt» have bu n taken using this p}’StPn} on ar: Hus individuals, and! RUEE)
of thpse h'wc been comparced wm'{ the .stékim-.a :ope te(‘h*zxque In unlv 2

CORR EL

Iew mstance.s were the rmdmgs off hy mre than'a :’uw mm Hg, whu-l' -
: , 4 "
is withr tiie mlu rent Mots"ol rcura ,,j nt the measuring. qu‘em. -
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Preef that thls signal corraiates awil 13 shewn ia Tasme 13, wherz the results
+ith the AlfRsasarco system «rd wmyated zith the clinical | aueccitation) waluez for
gc7ersl hupdred 2 bje te. The clinicai data, which sre semmartzed In the Appendix,

wars a"@ra,g&" {ram srverzi tralned porsonnel. Az ghoom e this figure, the AiRe-
search eystem measures slightly higher syatolic and alightlsy tower dinstolic values,
probably olace tho mwicrophone 18 guperior fo ihc human 2ay {n gound dincrimication,

Tigare !4 shows *he variation In =2 cileical values themazalves. This ladicaies
taat the oo is considera®ic spread in bicod pressure mcasurements on the sume Jubjec:

© 1f diffoerant tenters are ased. The varlation thowan la Tigure 13 between ik AlRessarch

s75tem and the cilnical wethed average dees not geeun large when comparsid to
Flgare 14,

AiResearch's method of meascering systolic and diastoiic presiureﬂ is ~2lated
only to the clinicz! mathod, No attemipt waz mads, fromn Uis lacepticn, to correlate
»ith any praciize Wies (hak Exi %1ch bas been clintcally practiced for 85 pes
years. Thare are, in the medical literature, reporls of lavestigations attemptivg
to establisn relations between direct and indivect methods. *3,2.

SCURCE OF SIGNALS

Soma additional studies were conducted tc Jetermine ths source of these signals.
A'1a:-ge cathstor with 2 barium titanate crystal was inserted n the carotid artery of
a large deg. The catheter was inserted via the carotid artery thwough the aortic arch
and vaive Iatc the dog's left ventricle and then withdrawa slowly., The results of this
test are reproduced ir Flgﬁre 15. Trace C shows the 35 cps slgual which was {1~
tered from Trace B. The elgnal was apparent in the heart regica but initially could
not be datected when the catheter was in ths artery. Subsequevnt tavestigation ard
study in the human su.dect yleldea a means of overcoming the instrumeont limitations
and i . .zlgnals were detected,

The obvious question is whether tho correlatlng blood preganre sigusls are
assvciated pursly with turbulence of are they imparted by the heart to the artertal
blood piream and only detectabl@ whn: tho arterial wall is exterded into the blood

‘-tream, The catheter tests gesm to indicate these parﬂeulax‘ i‘re«;ueﬁéleg are msaut
ln the pulog wave {taelf. Howevor, the Korotikoff eonmds themgelvoz way bo a2

i. Jdoint recommendations of the American Heart Assoclation aod the Cardlac
Socioety.of Groat Britain and Ireland: ‘Am.BeartJ, 19:95, 1938, ~ "

» -2, Bordley, J., Conner C.A R, Hamllton, W.F., Kerr, W.G., aud Wiggers, -

- Cud.: Clrcalatlon 4 505 1851

. FC- 40’!8 Rﬂav. 1
s Page 18
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combination of the urbulencé sounds caused by Goclusion and those
carrsed by the pulse waves, In any cvent, the filtered signals being
detected by the AiResearch Bloon Pressure System -ire probahly o
comivment of what are . ._mur_u)n‘ly referred ta as the Earotioft cound-. -
Some typir af traces of these sounds from 12 to 56 cps is shown in
Figure 16, A - omplete explanation of what the Kuroikof! sounds
consist of would entail - onsiderable Study.,

Al
d F. SUMMARY
. _-=777 " The medical theory behiud-this device is that signals were dis-
s T covered which correlate well with the conventional audible Korutkeff
' sounds heard during avscultation. These signals when detectedand - - _
filtered provide & convenient methud of presenting blood pressurs
informaticn. =~ - -
: t
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SECTION IV
CCMPONENT AND ENVIRONMENT INFLUENCE ON OF RRATION

GENERAL

This section pregeuts a discussion of the effects of the environment
and various ccinbonente in the blood pressure gys‘em on the detection
and accuracy of the diastclic and systolic pressures. Other characier-
istice such 28 power, size, etc, are not dlscusged except as they affect
the blood pragsure measurement accuracy.

One difficulty inherent {n these studies !s that some of the apparent
change In the blcod pregsure indices can be phygiological rather thin

- - g fonction wholly of the blood pressure measurem 1ent dysetem itnelf,
~ This condition was noted and recorded during the Unlvorsity of Southorn

‘Callfornia centrifuge tests conducted in June 1861, The excerpt
and ﬂg.xre following kave been reproduced from AiReasearch Report

FC-4094-R, .Ravision 1, "Correlation Tt on AlPesearch Blood Prﬂasure o

Measmalng System 54743".
{3

(a) The catheter record clearly shows that wygtcllc and diastolic’
pressures rarely remalin quiegcent for any length of time. Trgnglfmts

" were particularly In evidence wien test cell activity attracted the .

attentica of, or startled, the oubject. Au lustaace of the latier was.
a cuff pressurization without warniog early in the testn (Figure 1).
After the subject became accugtomed to the cuif prensurization cycle,
. blood pressure transieats were more moderate, but rarcly aboent 1o

» more than a fow secondn. Anothor aﬁpoct of the Lunaan organism wméh

may be faferred fv-om the record ta the tlm@-depemnce of blood sfasaur@

.. followlng the ongét o removal of additjonal “g"‘a with the cantrifuge,

Some runs sag*egt Uat tho boﬂy'a ‘mechanici for aﬂiwt&ug bloed -

preamnx'e to meent new stmatiomu may b@have ag 8 allghtly mtdefdamped
”

pe gerwomechanlsm. R . AR S

: . /
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-
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disturbancz factors to 2 mintmam.

COMPONENTS

In surmort of the correlation teets conducted during the PPMS
¢evelopinent program, AlResearch atiempted to reduce the extraneous

. The blood rressure system consists basically of a transducer to

convert the pregoure signals to electrical, an amplifier, a filter, a

The arterial occlugion -
ls accomplished by means of a high pregsure gas supply, a pressuis
reguiator and bleed rate device, and an occiudiug cuff, The cuff

presgure is measured by a transducer which feeds an electrical slgnal

to an amplifier and then by means of 2 transmission lnk to a read-

out device. The complete gystem also includes a tlmer and a cycle

data transmissior system, a read-out device.

control device,

Tible 1 lists the major componente and their primary medical

. and eugineering effect. Xt the component can actually cause a false

systollc cr diastolic reading, it is termed a madical effect. By
engineering effect s meant whether or not the component can interfere
with the system cperation. This table shiows that only the filter and

the cuff 23pear to be critical fi m a medicsl sté,udpolnt

The other

co;nponeuts can malfut.ctlon, but It replaced wlth an eqdvalent dev!ce, -

,/-fhe performance will be rastored

o

o

1

Ay

Y
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Unexpected c,ulx infiatim r‘auscs SLIJ](:‘Ct' h;ood ptessure to undergo transie]nt
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I‘ABLE 1
Fffect of Cumpnnr»nt and Their Vaiiation '
" , .on the -
: Medical and Enhguicering (peration
= " Component . Medical Effect ~ _Primary
= omponent : Engineering Effect
"-.Mtcrophone ( Korofkofi sounds None Insufficient signal
y ' transducer) ' strength, noise
_ z\}xmpliﬁe‘r' , T None  .(a)} Low signal to anise ratio .
. W C : : {b) Insufficient dynamic range’
R ' - . for different individuals or
AR . situations. f
3 _Fiift‘er : !  Bandpass Toc wide or too narrow
‘ P » Frequency bandpass
I , Y v
. Occluding ‘cuff o : Width Inadvertent leakagc
Gasy ";\T:;rmme e V' Nqﬁe : ; Iusufﬁcient volume "
4 S T , ' ' t 1
Pressure regulator y : None y Over or under pressure
. Cuft pn‘\essure traneducw\r . None A Aécul’aéy inadequte -
K Read-ou\devuco . Nonme Calibration off
Power Suﬁ\?ly o L .} None . Insuffgcient r_egulation,
¥ Tnmer cyc\mg motor.and cams  None Mechanicay,s‘br(eléfctrical »
‘ v o Jailure; 1 rapid a vleed-
- SR U o ‘ rate. (/o o
. “Misc. switche, , contrals, étc. .  “None Failure‘/ 5
: , ' o ¥ T i,,“ /.'/
? 1y ) g , " « ; . “ R l
u u ! y ! | "‘ 5”/‘
'\ o ’ ~ ) i‘/
y : ;
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_accuracy, as shown in Figure 11

Oc(‘ludm" C uff

1h 44 ,{B
e

The cuff us'od must lm of a uiinimmx width, otherwise the systolic

~and diastoiic values will not correlate w;th the accepted indices. A
‘narrow cuff is hi ghlv desir able from the standpoint of comfort and
_; minimum wstrxctwon of ‘'mohility, - The responsibility for the cuff

it selection was held bv the Space Task Group -of WASA. . Tesls conducted
b} NASA indic. ite that a cuff approxmmtaly 3.75 to 4.5 inchee wiil
vteld arceptable blood pressure values. The NASA caff is shown in
Fxgm'e 17. The natch in the cuff is for ease of arm movement,

Fxlter

The s: lected bandpass frequem,ios sxgmfi(.antly *affect the ayste m
The 35 cps, or some other harmfmk

is strongly recommended ﬁ hemg the hest correlate with the conven-

A

tional systolic and diastolit’ indices. .
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'NASA Cuff Schematic
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FEVIRONME NTAL TAC JORY

The ro tve offrd ix o b apionm af s they mmoical andd
vaninearing asper s o eperaagon are tahulate cm Tablie 200 These

oty are i ussod i mocs darai] helow.

Toemperaiur:

Sine e meariv all the components are (emperatuce sensit" 0 sonw

“shange is o be expeated. Toece 1 ao sagnificant varaation ooacouraey

uver a temperalurs range of - 30 1o S180F  heno» the ooreeall oHer

.

must be {ess thar a {» @ per wen,

Humidity | ~ .
All the orite al ewectrome componenis are en. apsulated in'a |

suitable insulalhion mate:ral which offer protection against humiidity. The

mechanical compuaents are relatively insensitive. No signilicant change

in 2ccuracy as a function of humidicy h:;_s‘heen aoted over a relative

a~tn N,

humidity range from 3 to 5 '«

TABLE 2 s .

Effect of Environmental Factors on Gperation

1 o of the Rlood Pressure Measuring System PR
Environmental Factor Principal Effect . ' ‘
External Pressure ‘ “ Alicrophone output changes ‘

" Humidity . ' None A
“Vibration " - , Stight (with microphone on

arm}
. Acoustic Noisz R v ‘Slight o
.Temperature " slight " S o

‘ . T Fe-a0t6R
o ' I K -Page 28 L
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wer

* . vibration. damper. -

Pressure

The ambient nressure does not affect the electronic compeneats, ang
does not appear to affect the pressure reducer-reculutor valre. Scme effect
{3 notlced on the micrornone {tself. The exterval impedance caused by the
air is directly proportlional tc the alr deusity and thus gome effect 1s antici-

pated. Figure 18 shows eggentigliy the microphone ontput for three mirro-

phones as a function oi amblent pregsure. Variationa in data are attributed

-to differences lu the tecinique of bonding the barium titanars crystal to the

metal backing.

Accugtic Nolge

Since the 35 cps signal is used as the Liood pressure correlate, the effect

or 35 cps Interference on microphone performance was of conglderable interest.

A sublect was seated In AtRegearch's audiometric chamber, instrumented
with the mlcroplmne and occluding cuff, and subjected to 82lected frequencles
at a specified sound intensley The upper trace in Figure 19 is a reproduction
of the data rccorded from the tegt, As expécted, the filter favored the 35
cos sound aed attenuated those frequencles on elther side of the band pass
peak. Shown In the lower trace of ?lgure 16 ia a reproduction of the data

~ from an addmonal test in which the ‘chamber was sxposed ¢o 2 awept single .

frequency band from well below 35 cpa to a decade above. Although the
signal to noide ratio s not as good as ia the abaence of 35 cpg uclse, the '
blood pressure stgnal is still lnteluglble. :

vmmwﬁ

" The ¢ /egz e to which the systein wilt be aft’ec:ed by a microphme being
.uubjecte/ to vlbrztlon de“enda upon the t1 ywgmitting medipm. For the case
where /&w mlcropbone {s rigidly mounted'to the vibrating surface, the
acceleratlon , .vector. being perpendicular to the dlaphmgm face, the sensl-
tivlty may be observed by referring to Flgure 20.. PFor this test both the

micrbpttoue and a standard Endéveo. sonsor vmre\ rlgldlly mounted to a shaker -

‘table. Wuat 18 shown tn Flgure 20 is the RMS volta.ge output read in G units

of both sem:,.ra Quautatlvaly, one would pradict a reduced effect when the

tranﬁmmtng medlum wasg .ha ﬂeshy part ot the az'm, the body acting as a

P . T : Page 29
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In the centrifuge tests held at the University of Southern Callforal: on July 25-
7, 1961, there was possibly some effect caused by bone coaduction.

7 Forces

The effect of acceleration iorces on the blood presaure system was
evaluated by the Unlversity of Southern Culifornis using their certrifuge Blood
pressure was meuasured wlth the AlR¢searca system aud compared to catheter
readings. The resuits of these tests is givea in AiResearch Report No. FC--
4094-R *nd summarized in Table § below and in Flgures 21, 22, and 23. This
table indicates that there is a generally satisfactary correlation between the
catheter and AiResearch system up t0 2.5 t0 3.0 g's. Abuve 2.5 g's there was
a significant increase in apparent diastolic pressure measured bv the AiResearch
syatem. How'/ever, this seems to depend on the subiject and the instrumentation
technique used. This influence {s shown in Figure 24, which presents a olood
prﬂssure measuremen* on two different subjects under 8 g's. On one subject
good reaﬂings ware ohtained, but not on the other sutject using the same teéch-
aiques. . ' These tests vere counducted at the Aviatiun Medicine Acceieration
Laborqiory at Johnsville, Pa., on September 23, 1861, No definite conclusions
should be drawn then on the, effect of acceleration on the system. - 1

!

+ With'regard to the effects of snstamed or viboatorv acceieration on the
equlpmer:t it is known that ‘fhev are not perma..ent Farther informvatlon may .
be v&pund in AiResearch report FC-1214-R, Qctover 24, 19862, entitled "Quali-
flca*,lon Test Report, Blood Pressure Measurlnb Sy&tem 54769 and 54778,
Prqiect Meruuky '

R TABLE 3

Comparison of AlResearch System with
Catheter unaer G Forces-

/- Acceleration’ - Systole ‘ Diastole

(g'e) , . -~ Mean  Standard = Mean Standard
Difference Deviation Difference Deviation

1 21 pairs of points -8.8mm" S5.4mm -3 4mm 4.6 mm .
2 8 pairs of points | -7 Ymm 12.1mm +10. 1 mm 8.8 mm N
2.5 8 pairs of points " £10.0 mm 9.3 mm  +9.6 mm 6.4 mm
3 10 pairs of points -4,.0 mm 10 Tmm = +24.1 mm 7 1 mm
B 3.9 "4 pairs of po'ints +13, 25 mm 2.8 mm . +46,25mm .2'3 mm

- o : . 'FC-4076:R Rev, 1
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“This variation {or even a highor one) does not affect the operatlon of the

D. MISCELLANEOUS

Gas [ arcee

o e e

A decrease in the oxygen supply pressure ocrurs as the supply is

depleted during the mission.

The pressure reducer - -regulator through

its internal forve halancmg arrangement effectively charges the cuff
. to the desired initial pressure u~respectwe of the bottle pI‘ESoUl’P
Since the gas flows through a smali orifice, there is a slight difference

in furces on the internal balancing arrangement a8 the pressure decreases.
This decrease is apparently around 3 - 5% of the initial 220 mm Hg
culf pressure. an: thus falls within the specified tolerance of ¢ 10 mn He,

f svstem. Neither does the automatic cycling of pressure since this merexy

cauges repetitive occlusions of the snbject’a arm,
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Fhvsical ©ffes -« Sabges s
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The physical effe. ts on b+ subject during normai operativa can
he expressed gqualitat.ively. The commenis of several vbservers are

I Y
LT QM e

Irem
1 Ne, coaff : Normal arm movements
No discomfort
2 Uninilated cuif Nearly normal arm niovenments
Slight feeling of encumbrance
3 Inflated cuff Arm movewent slightly mlpa'red
and siight disccmfort initially;
numb feeling with severely impaired
arm movement after sustained ucage
o | : Typ:ial blood Nearly normal arm movcments

pressure measuring "Slight discomiort
LyCle 133 seconds ‘
cyciel

Cu¥f Proggure L.apse Rate (Bleed Rate)

ﬁ!omi prossurs o not detected betweon puwaﬁ. Shorofore on auy
siogle deflation of the cu?f, gystelic and dlastolie Broggere can be OBQGW@ﬁ

only {s digerote Increments, giviag rise to a random orror. Tha mmmam :

pqse!bia valae of this orror lg ths cuff pressure faeremant botwosn con-
gecotlve heart beats. The maximum ervor i9 llluctrated by thic exampls:

1
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) rmbp= cuff pressure lapse rate.

it sec,

anc AT 35 the z'ise interval., Fecr & rate of £) beais per minute,
AT = 1 second, Yence 4P = 1 sec. x & mmiig,
5€C,

AP = 6 rmlig.

Body Movement

Interfersnce due to body moverents is dependent orn. saveral factors,
These include the material betwesn the microghone and the subjeci's skin, his

physique, wicrorhene placerent, the type of movement, etc.

Faperimental evxde e indicates tne preferred locaticn for the ricro-
phone i¢ ander the lower edge of %he cuff and positioned cirectly over the
Lbrachial artery. The scunds picked up at statlore further under the cuff or
at stations to either side of the brachial artery tend to teéome indistinct

relative to ithose recorded as recommended.

Using an incorrectly positioned microphone one can predict what will
heppen, ‘The recorded pulses will appear weak indicaiing mére gain is reguirad.
The géin uill be increased to the point where the mlicrophone is sensitive to
the sligntest disturbance, Finallf when the gain is increased to a level which
would permit recognition of a pulse wave it will be more eesily obscured by .
oisturbances due to noise and arii’acts. Correct microphons positioning

' snould conform to that shoun in Figures 2 and 3, reproducsd from Aiﬁesearch
Raport PC<L2lL2<-HR.

Hoed. praasure requrcin$s have beeﬁ taken with a microphona posltioned
over a cubjlect'. overcost, Susceptibility to axtr@neous disturbance, hovever,

.\\

is increased relative to record‘qgs token with the microphone tapwd to the '
sktn or placeo in the nocket of tbe occluding suff, o o
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Though the electroalc clrcuitry is designed t¢ bo selective it (s
incapable of rejecting those high iatemnsity compecaents of the disturbance
within the pass band. Positionlng the microphone as indicaisd places it
away from the bulk of the blceps and triceps and mialmizes the disturbances

dus to their flexing.
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OPERATING INSTRUCTIONS
PROTGTYPE
BLOOD PRESSURE MEASURING SYSTEM
54803
PROJECT GEMINI
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OPERATING INSTRUCTIONS
FOR PROTOGTYPE GF
BLOUD PRESSURE MEASURING SYSTEM 54802
PROJECT GEMINI

t WAL -MR " . OATE . Sabg o* 7620%

[ATRI L TION

Ih principle, BPMS S4BG2 is essentially the same az Praicct Meriu- o
BFMS na7a/. The composite electrical output sigoal is a d-2 sigral prowms -
el oty coff oadinus suit ditfereatial pressure and supecimposed iatornitge ot

veleee hich are representat fve of Karotkot*f sounds.

YFM5 54803 consists ot the following.

PART NAME AIRESEARCH P/N ASA DESTGNAT i
Signal Conditioner 528180 MSC-BPS-SIC-LR-A2
Nicrughaﬂe 535176 MST-8PI-pMY T .CP- Ay
1n¥iation Cortros " SIBIEe MST-BPS-[NF-Lx -t
: Trcigding Cuff . GFE ‘ !
“ait Fitting , GFE '

ire signa! conditioner s & srall, Tightweight madule designed 1o apes s

witt roa full pressure suit. Construct’orm i35 6f the =orowoond, e tded -

" o Tre piezo type sicrophane i3 nearly identical n wxterior G.me .50 -
Progeat Mercary Microphone 513513 but differs inrterecally in tear Do i tado
ar ncegral pre-anplitier. The inflation contrel consists of 3 quewvsr b b
T

chreck valves, hleed ritice, and a pneumaisg probe.  Inflation 1 aieowr - ow

"Ly the squeecze buin, A moce ceclable destation ie the presency o Lonta -

tinn i~ assured thruglh the use of a dual oritice ratoer 1han Single e Trpen
- R
18 W i
w o R
©
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CnLRAL INFORAATION

Powesr Roquired: <10 voits B-C it av b mg
-10 V\'):t'ﬁ p-C (B E IR 12.5 o,
oo yre Toapsducer Scale Focioar 197% valts fom Mg

“iaciuding d-¢ Amplifier):

Prescure Trancducer Range 952 to 289 e Fa g Fre eyt
Norzal Uperataor '

Fresure Transduces Range ‘With- Plys ofr Mirsys /7.9 o- Jd.

~rand witnout permanzat damage ).
Poceratic Source Squeeze Bulh "Apn glieraste
regulated source F ciean oar

or irert Gas may L avbstitar 4

Tf desired’
Lompasite dvgeat Juiout Impedarce "5000 obms raxivum d-o PIOC e

! i,

maximum a-< Eor {regeenc e

interast b,

9. LANG PRINCIPLE

W
ro

5PME 54807 ~enpses cuft mirus ruit difterential pressare witr g -lvocr -
Se press. transducer whicn i antegrally mounted wath the cignuad

rianer.  wSter appropgriate <signal corditionirg 5f tre pres-.re rransaurer

a null Outpal carrespards €2 an applied d-tferuntial picssure ot 1]
B AP otncrease in the applied ditferential pre-surz geicrates 3 niapors
Lignal differentio! d-c woltace outgut signal.  An autput o 20 willyvosts
d-¢ d fferential coreesponds ro s applied difterent ial pre~sure o1 25w Hg

Suptr wposed oo tte pressure signe) are pulse signals of 13 to i5 0 M s

peak-1c-peak.

'

s microphone s.itn an integral pre-amplifier iy erployed for d2reciveg
tne harothoefi cwu~ds.  The microphore signal is amplitied pac<sed through o

setective filter, and mixed with the pressure transducer output ~igndl. The

Ctypical vexul(-nq‘compo«ite trace as recorded on a single-channel direct-

Wit Oscillograpn appears as in Figure 1,

1

—

7

¢ “ . ) ) "
e _ ‘ . : Fr4359-MR
[ ove), AIGESEARCH MASUPACTURIES QVISIOn ‘" ' ' Page 2 of

o q
N Los dngeler, Califorma . o .
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ire- first and last pulses on the o posite trace "flag” "he

pre

W

«r reeponding to e systolic pressure and the diastolic pressure,

¢

LVERATION

S5UTE S

respect ively.

.- Ylarion of Sigpal (onditioner 558!8Q.(Rofcr io Figures 2 gnt 3}

“nnnest Bicraphone 538178 cable terminated with connestur

2 o

SEETRY!

it tanners connectos 40, -
fornect capsele power cabtle as term!nat«d AR COn: tor 33 10 30 00
cundit iocer conaector 3.
Adyust wain «ontral potuentiometer R37 10 approximot=ly mid raage or :
vrevingsty determined opf imum po<ition.
“onrect the 1716 inch 1.D. rubber 10se teed trom the oeciading cuff pr o
, to tne 0 CBO inch 0.D. tube proiruding from the end of the signal concitiorer,
N reference presaute line s requireo a5 the pressure transducer is vented
te the ambient pressuce adjacent to the signal conditioner. fare wnonld pe
tsxén 1o insure that the *rair.gucer vent on the face of the signal! conditiun:
1 ot obstruct:.d "
tratsitation ef Jccluding (ufi (GFEY and Microphone 938173
\ . ‘ . .
\\‘ Frasiall ste “cc!qd'rq cutt an the sublect’ s upper tef: arc, cluse 13 the
O =hoa {rnsert t-2 pneumatic prule attached to the 2ne of the cuti “ose Iric
RN B N .
\ e aait o trerg GFLYL For more detarizd intarmation oo inaoollar oo o
" , \ ; -
\. . o tug g sutf ané for relative placowent ot the mi¢raphone, re¥5- (o P ogore
\ T . _ .
\\ @‘ TToL247-¥R, tnctyded io tnis report as appendisc AL Ths mlcrepitva wFouad be .
ARV . . . . . Cy -
\kx pla r 2 such that it i~ dircctiy over the brach'al nartery., Tore <n Gle o
WTasF 10 Insgre that the ﬂlcrophune disparagm is faciag the v’}
\":\ . . 4\‘ e ‘v\\
oA
a‘!qtuon nf lntld't‘r Chntioi 235186 \
222130 -
Yhe paeunatic prohe end ot the inflation control nreds nnly to be irseored
i e satt bitting 'GFRY 1o complete the installation ot the RPMS
" 3 o ' i "
Redording of Blaod Pressucd
\ e e et e N #
! « N ' ' . o . :
~h B A aswumed that all-asimciated systems, such’ as telemetry, ground
1 / . ) N l' - ' -
g statioh recorder, and d « power supplies, are operative. Ta gengrate 3 blood
i N pres wre reesrding, the astronaut s required Lo intlate the acciuding cusf.
) . vl ! " i . 11
. © i . ‘W e u
e ' " w [T~ " i
L " ‘ Lo N . .
o v FC 49 oM
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1 Tooenflare the cott, place the thumb over the hole in ihe valve hody of the

f Aaual fntlator and squerze the buib several times {with practics, the memhe-

T S osnuerrey gogud ired 1o reach the desired pressure will be determined?, o
?» - & e the ‘cuff (the period vhen ! lood pressura is actually determined’
. o ply xon;vc the thumb fram the calve body. A deflatice rarte causing tne
-, pres are to drop from 250 wmm Hg to 50 mm Ag in a minima of 30 seconds -

: . ——"-,¥$QL‘ Sork: contral over this time can be exercized by lﬁnsLn.nq the
3

s L1t 1 extend the tine or vice-versa,  ‘has will also i fect the ngote- oot
¥ sauecses required Tor a given cuff oressure. 1t ~hould be noted thgt the
i?\ change in ambient pressure with increased altitude will cause the deflation .
A tire ts be in-reased. der example, a deflation (i 6( 20 srcunde At sea’ ’

weuet carresponds to a detlacion time of approximately 30 seconds a4t 27,000

Foet .
& During detlation of the cuff preswrre watch the readout ainstrument tor
4 N . v '
% appearance of piises (Refer ro Figqure | 1{ microphone placement is satisg
§ ~tastury, a train of putlses will be obtained during e pressure dvcay. Fulse
(Y ‘ '
1\\ anplitade snould be fine 10 to 15 mitlivolts peaketo | .ak with the exception
3 ‘ , R !

AR ;of vhe first and 135U pulses, wiich ey be of reduced amplitude. 1T the

L . . ' . " :
& N\ wuises are present but the mpi;tuo» is low, microphone placenent shauio ne ‘ g
. A . . - ) s ] .
i ~emecked . and secondly, tne galn cwnlro‘ adjusted. as recessary. [f the pulses
T \\\ ‘ il - i - - . '
i 3>q;pc;v armgl o tat the remainder of the trece exhibits noticeabie n2ise, iy is
s [P " .
A . .
A e e tga that the gasa conyo 3l Be re-adjusted to a fover valae.  in generd
H . it . ” " _
; oy, c;pec'wd thut ine necd for goin adjusxmént weli e irfrojuent when . -
. M ' ’ v . '
1 Corpate dowith p:‘ynau‘ systems. L i
- ! i . e . o . . . o ,
. Beschn test inr, and typical checkout procadur@s tha winnt be fellowed
are presented o Appendix B, L . T wotoo
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JoiaCo Lhe cut? ateut the ar. as shuwn in Figures 2

’ Mot Fequlred ter, o METY U.!i»

SIRESEAFOH PECLMMERCED PRCUEIURE FCR IHLTALLATIUN
10000 'RESSURE CUTF - ND HICRCIPR( E
LYHS Sa 788 - PREJSCT HERCURY

Octoter Vi, 1762

Irszall the rmlcrugtnne in the pockat «F the Llovod pressure cutf

a5 Stamrs i flgure 3. YMote trat the mizrophene s piaced wlth the
dlagirs v feliog the tnacd wigr G the catt et Flaur 1

It a2 i without o pucket Is used, the peocedure s auaifies as
te Pigws.

“itaca the alcropuune 25 shown la Ficure O, ~iti. e dlachragu

stde of the cloruphowr cext to the subjects snin aaz g roduetel,

cver the Lrackiol zrtery. lape in positicn. [t !s ¥ atant 1o

vedfngaln e corcect resition of the microphone reivtive to the c:'F.

{itu¢ alcrupmae rust ‘aiwiys te focated ot the fuwer edae of lie Cuil.:

dhvn i sunlects left eom bént $0° at the eliow, hand relaxnd,

ind Notice Tha*

tae wlorophone s approsisatel,; oved the brachlal artery, and the

Cutoul din the f the altuw.

csfr s adjacent to the Inside o

The catf should e f3stencd as S‘\Uj"'r as pussinte withoit be-

cootlng acarfortanle, o

Hazee thie 3u joot check for comfort by stmwlating the sorcasl

Re-sdjust the cutf testallaticne

8% neiestel ;s to Ccoricct gny ‘prossure polats; etc.
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APPENDIX B

BENCH TESTING AND
TYPICAL -CIRCUIT

, CHECKOUT PAOCEDURES

. . FOR PROYOTYPE GF

BPMS 54803

INTPODUCTION

The following procedures are presented to enabie ihe riader to operate
the BPMS outside the capsule with or without a subject and to more effectiveiy
check out the circuit of BPHS 54803.

'in one form or another during the maanacturé of BPHMS S4803 to determine thaot

The procedyr‘es presented are employed

its performance is optimum. , ' ”
CPERATION

Preparation of ’Siqna! onditioner 538180 (Refer to Fiqure 2 ot basic

Connect Microptone 53851/8 cable terminated ‘with connectas: PZ to si

3 condit ioder connector J2. {Microphone simulator may be con,‘f‘ltec at this
s time if preferred.) ’
‘ , Conne(“, Control' Panei 538292 cable lermmated wnh connectc' Sz v 4
[T " . , Ty ’
: <|qnal COndltconcr Lonnecl:or P3. . .
- Adjust ga'in control pmer‘r,,iome‘ter R.’;] to maximum (full clochws &'
3 o F : Connect the VAT mch !.D. rubber hose teed from 'he occluding vuff hyee
/ ‘
y / to" Lhe") 080 " inch 02D, ;be protrudmg from the end of the signat condﬂumer
/' - ) .
',;" No refcrence pressuge lme s —equnred as lhe pressure. 1ransducer it vent ed ¢
‘ A T the ambient pressuie ad)acent to the scgnal condutmner Care stoule.be
2 : Ry
gt © ‘taken to msure that Lhe transducer vent. or the face of the mgrnl umdu. S1C
3 Y0 is ot obstructed R
N N L o . © ' - 5t
v 8 o I
RE Pregarauon of Contru! Pancl ‘»38192’ t(Refer te Figure to e T
- o et = . " /’l .
} < w PN e T . ' ' e
N N RPN J‘ i —u—/“ s x u .
o Set cﬂmc,‘ S tas o fay ff*" Gers ~ N o ® ' G
‘f} N —— o A e U
, L : =T i ' ' . e
S Wt Power swits.h ta OFF‘ T ¢ . > ,
PR . s — 5 s
L T T 2l annc&vovt %m‘tch s2 unnpemle SOV N o -
] o . . - ,"‘ " W . " “woL . " ' ' " ," Ve -
Lo . e ‘NOTE. The best pomt seﬂlgctor switch is, fo.r st only, wath "'ve breadtoard .
LY 3 " ) - . ~
NS w “i BFMS 5&803 Hence uglm p?ocedyn« i given for Fts mc .
T o . ; ! se - : - o, N . K T
. B " e e P ; A;’pel‘id;x B L
: Mﬂ mﬁmmﬁm R e s (4\955944;( N,
Aeigelsa?, C A M ' N . ‘
S o -nln 3 -ﬁ!ar:b - - Cel L !'ugé Y up .
" 'u'“." " R ' oo Ny - e o J N L . R - N
s N o el NG S
) Py oo
§ T X —~ e i € N c‘ N () ;
ot A ‘u;:'.;i’(:‘-v.:;{:& ‘}1;;‘.1;\ LAY . .A"-\ ¥ .‘“’“ ;" B 7;' S




. L
‘
Connect plus and mirus 10 volts ‘! percent and powrer supply -~ommon te '
the indicated posts on the back ot the control panel.
Connect readout device (recorder, VTVM, etc.) with 399k ar greater  nput
impedance. to antput pos'!s on the back of the control panel, (CAUTION: &7 !
MOT USE SINGLE-ENDED EQUIPHENT.?
2, Connec k-1, VTYM or osciltloscope to A-C Test-Point eulp; i
-: " .
. Lonnect aud:c dscillator to microphone simulation input,
i- '
1 B
. Place power switch to "ON” position.-
: Calibrate readout device electrically (see calibration section), .
Preparation of Occluding Cuff (GFLY and MicrophOne 538178 i !
i : ‘ 1nstall the occiud|ng cuff on the subject s upper tef{ arrs., close to : -
% o _—
: the elbow. Insert the 4neumat|c probe attach@d to the end of e caff tose
; Into the SUot fottxng (GFEY. ''for more deta;:'ed information uv nstalist .on ,
} of the orcludong cuff and for relative placement of the micraptwne, refer to ' oo ‘
? Appendix A. The mncrophonﬁ <hnuld be placed such that ir is 91 uotivgi over
; the hrapﬁial arlery. ,gare shauld be taken to in< ire that the xuthﬂ” ' o
t : ' : ' L BN !
> diaphragm is facing the arm. ‘ S ' ' '\ 4 .
é " Preparation of Inflation Contro) 538186 w " - : "
1 . e " : e ’\’ v Y R . . S vy
4 The pneumatic probc end of the iﬁflatioa contral nceds 'on!, tO‘be in~ .
1 o ! . N ‘ ‘ !
e serted in rhe suit ftttmq f'GFE‘ to complere the p:eparauon of . the BPﬂS Sl
Reco¢duug,ot Blood Pressure . co A R oo N »
i K R . ' ' " . “ ¥ "
' v " ‘o ! & .
K It is assumed that all a;sociated systems' such as 'he re.. rdi Lo Ty
: el
W ] graph_and d-c"power supplies are’ operattve.rJTo gepérate a b!ood'prﬂs’ure A A T S
'? cording, inflate the ocq)udcng cuff by-pfacing the thumb over the hole in the .
oo “valve -body of the Manyal Infla'or and SqueeZIng the balb several times (with : .
! ' prartcce. the number of squeezes requurcd' n vrcach the dﬂsnrtd prossure Wit 7"ﬁ-ivv o
' o
be determined) f ‘To deflate’ nhe cuf (the. pertod when alnnd n:t~sute ns actu=- . LR
41"al1y determine}); s'mply remnvﬂLthe thumb from the valvc body. "‘ '“3 ,,fﬂ¢’ 'ﬂ‘} N :
o, P o o . . . . L . A NI
B B V. - s [ N ' - .', RN " v, " : L At
e A o G e e RS
LT T AT e ! ”;' . ) S w Sl
ot 4 - . " II o . “ o O v’ .i\ ) .
w ey i . - - i . A d B B S e
VN v . ppendix .
= Amuunmnuamnnnumﬂanwuwu A LT W AN
X )j e i Gt ) Lo el T e FO-A350-MR | s
. w R C PR Co -t T Page 2 of W Te L
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_should be checked, and secondly, the gain coni;o)'adjus:ed as necessary. If

~Sy$tem'bperatidn Hithout a Subject

powt ae ke 1«0 FJf mvre detailed’ |nformat|on refer tQ,Fréﬁaency RespOﬂse

A deflation rate causing thc pressure to drop from 250 mm Hg to 50 mm Hi
in approximately 30 seconds is suggested. Some contral over this time car be

exercised by loosening the cuff to extend the time or vice-versa. During

'-deflaiion of the cuff pressure watch the readout instrument for appearance of

puises. (Refer to Figure | of basic report.) If microphone placesent is
saiisfactory, a train of "pulses will be obtained‘duting the pressure d;cay.
Pulse amplitude should be from 10 to l5 millivolts‘peak-tnopeak with the
exceptlon of the first and. last pulses, which may be of reduced awplltud" .

If the pulses are’present but the amplitude is iow, microphone placement -

\

‘the pulses appear normal but the remainder of the trace exhibits noticeable

noise, it is recommended that the gain control be readjusted to a lower vSlue.‘
In general, it may be expected that the need for gain adjustment will be '

, . ' ‘
infrequent when compared with previous systems.

"

Somet imes, either for reasons of calibration or system chéckout, it is
desirable 1o operate the BPMS without occluding the arm or other extremity
ot a SUbjei Qince it is a0t o rerbmmended practice to-pressurize an ua=
reslrauned occ!bdong cuff, the cuff should be placed around a wood mandrue i
approx;mate!y 3 5 inches In dnamc'er. 1f it is de;nred to’ a!so cherk the
pu!se channel at th's time, one 3f two merhods may be eaplayed, - The Wicto-
phOne may be removed trom under"eatﬂ the UC(ludnng Luf. Anu slaced i tne
.port of 3 sound generator. "A sound presSurﬂ -mparzed 10 the dt%p.r‘um af
the mtcrophunc of 72 dynes/cm ) S1iie3 db relative tn 0 uOO? uyﬁks“-r o .
36 cps’ s rpronmended Alternat»veay, Plug PZ ot (he % crophone may be di .«
conneczed t:nm,Jz ox 1he“5oqna) conditioner and an alternate pthg from the

control pane\ may be rubst'tuted in :ts p!ace.‘ﬂwuth the use of an,qudcn

tyy AN

,ogc|liator‘ a m:crophone ﬁ-mu%ator corCU|t provnded in the contto! p wel i

o

Chork'ut ut Signal uondutloner 538!80 Co : o e

. . ’ N g e

e hépené X 8" o
L FC- &359 MR . -
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CALIBRATION ;

In the tollowing text, calibration scitemes have been cateqorized as

& 1ol lows :

% a. Recurding Equipment Calibration

b. Prieumatic Calibration ot Signa! Londitioner

J "Recording tquipment Calibration” describes special 'eatures incorporeted
irto the Contro! Panel to tacilitate adjustment of laboratory recordinae egiip-
2 ment. "Pneumatic Calibration” is required on!y if rfle inteqrity ot the Siénal

Conditioner circuitry calubratlon is suspected or if a check of the |ntecla|

3 i
g {

pressure transduser i< desiréd. ‘ ‘ , K

. Recording Equipment Calibration ' ‘ b

. g
4 H "

The composnte autput s;gnal from Control Pdnel 558292 is a. true dii’; er-'

ertial signal and iy balanced wlth respect to ground (both leads may be cheral

_velts betow ground potCﬁt;al) Groundunq of either output lead uull noﬂ damage -

j; the BPHS but may damagc the reddout aquvpment as this could reSUll in an out -
3 ‘ put signal of several volts D-Q. In the easuing discussion, s;gna! v'htages

: . . B Al ., ‘ " ' f

i are referred to the 'oulput~lo&“ te:fjnali i 3:“
;f " The "Function” ‘uot ‘h (thure 1, Sdi(ch SZ\ on_the c0ntrol panclJLovnepts
! /

ﬁ o . the output terminals of th° anm"o! panel to the composite <agral ou* ﬁut of

[ l n

b the «ignal condnt;oner..p0wer S?pp‘y sommap {6 millivolts: output or’i\a of

; two letaqe dividers ’li and ZO\mv|¥iv04ts outpur\ This pPrmvts tht,operator
] .

I to easa!y ca||b«ate readouplcqunpmen.. ( e " ; X
i T ‘ S g
s N

'S ' n{‘ , .As fuqni:hﬂd. zoro signal ﬁorrc»pondc to 50 mm Heluary.‘!c n:ll'voltq

) i1
R

rérrcqpond 1t E50 mm Mchurv, qnd 20 gﬁ%!uvoitc correspondﬁ to 25( mm Mercury.

T e T SR AT

\ M L g

EXAMPLﬁI, The readout ﬂQuepment ronsists of a rLcorden wh ‘ch hds 3. .ow”leve! T[

b dsftorghtsai input ana'bemo ad;&»tment’ The- ten /2~ cm ma,or scale q/eisioqs‘.r
i | oo /.
}i iy cm pape. Yiare to. rorf; ne s pond mth 50 to 250 mﬂﬁercury, . SRR / .
k v i . : o / )
1 . . N D W n - . R . " |
i i Funct-dﬁlyﬁwrtch To "O!mv.' Adjusv zerq on recordir: unt i} peﬂ“‘ . "
!. ; l\ ’:‘ )I . i g '“ ,I‘“ I . K2
% ' is at Iower ﬁ*q \of s#nle ﬂ)\nércenl rqli scale;. g J ﬁ L . o
i : ! { " ' " [ e h
i i, . ‘[1 . ' I j‘ 5 h . o ) . 3 !
! ; Set: FunLth‘” 5%51ch tp 4. mv,f Adgus! recmrder gncf untl‘ ven i3 -
g : et | ' e
R dCf‘eCrVd Lu“?hc ppper ed Jﬁpf the sca@e (100 perient ! uU’/jﬁale'. - g
' . CN g DT S / oyl I '
B SN T S e STLTERE +,“' [ O
?; S & ot . . i U'f?f o ‘-‘u
i . . byt . kN
S )] AREsEARGH umwmuwé DISION ) A " /Agba"d"‘ B/ .
Sioow B mmgr%.g. o o FURRRNC I FC=3359~-MR i
° . ~ /i oo T . . ) gt .2 of 10 X

. C by w o “ b RN e ) r"]gt e
e IR K T 7%, " . PR o

SRR L Y U - NN ‘
Vi R > /_“ . - BRI et Y o AN J&..:LM.-._,\_ /~




P

3. Set "Function" switch to "10 mv." Pen should defiect to the center

‘of the scale (50~percent fdll scale). {fsit does not, repeat Steps

¥

I through 3.

_._-.__._.-_--.-_-__

" 4. Set "Function" swutch to "Operate and proceed.

_ Pneumatic Calibr at;on of S;qnal Condltloner

i

A definitive prneumatic. calobration can only ‘be made with an approprtate

| W s ————

pressure standard. A ‘clean mercury Manometer certified to be accurate to

-

approximately 0. 5 mm Mercury should be used for this purpose. The pressare

rodn

standard may be connected ‘in parallel with the cuff or the cuff may be re~

_—

‘ mnved and the pressure standard connected d:recgly to- the pressure ukansducer.
e The bleed.orifice should be closed of f except when at is desired to drop the
' pressure, Inflation may be controlied by Manual Inflator 538186 or an alter- .

e //l v \
SN natqve clean pﬂeumatic source.. As the hysteresis in ‘these trans ducers is so

small as to be’ insngnafucant, calibration may be effected during en(her
\ ascending or descendcng pressure. . ' ' " W
The two criteria to be established in pneumatic calibr t.“\'area

. f
7

I, That the output: voltage vs pressure fuﬂctlon of the transducer is .

. Tinear within prescrtbed tolerances under the prescrited environ-

. n
NS a &4

\ o mental c0ndmt10ns.

‘;‘; I ‘ « 2. That the nul t and scale faclor po'entnometers in the sigral
' ' ' coadntsoner are ‘adjusted to Optlmlle the pressure twansducer i

L performance. UJ L v .

R It is suggested that a series of pressures at 20 mm Hercury yncremantsl

i be lngged d!ong with correqupd:ng output voltages, and thege be protted oh

L ‘.' § cross\sectuon paper (F»gqre 2\ L:nearnty may then be Judged vuSUally

‘l" " N n
b e o e !f !unearu(y appears satssfactory, but the outpuﬂ éxhibits an excess i ve‘~4
s ;{ offset or scale Tactor error, it is necessary to read;ust“the,potentuome(ers 4

P
&

St

e51abl|sheng the scaie factor and null otht._ Trimpot Rba pﬁOV|djk 2éro -

J_

‘15‘,'n ' [J“' . voltage ad;ugt fbr Pressure Transducer 5385I4 and has a? adjustment range

e

I .

n b “w Ve Ve ‘A
ok e . S /

|
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The recomm@nded procedure for adjustment of the null and SLale factar

potﬂntuometera affecting Prescure Transducer 538314 is as follows-'

v, Pressuvuze to 59 mm Hg. 1
2.  Adjust R38 (o give D mv output (See note following this parnqraph) .
5. Preswurize to 250 mm Hg. ) o
‘A. Adjust R40 to give. .20 my butput:(Sec noté fallowing this paregraph’.
5. Drop pressure o 59 o Hg and check output.  If it is still outeide
L tolzrances), répvat steps 2 through 5. | "
, CNOTE:  The values given sbove are ideal end points assuming a lirar ﬁ
! rkan&duégrloutput In practice. it is normally found that these j
‘ ’ S po.nt‘ are purpC'P|y ot fset to compensate for tolerance buuld;p o o

in othér parts of the pressure range due to either nov-linearity

or tbtmperature effccls. for tne amount of offset requnred at

roon emperature, rvfer to the data sheet accompanying the

3l conditioner.
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SYSTEM PERFORMANCE CHcCKOU! . T ' o

" )
7

" The foil0w|ng prOcedures when, exetuted\.v a¢dition te the calibration

procgdures‘pfeV|ou5’y devcribed will provide a comprehensive checkour of the

performance é“pabiliti?s ot the'BPMS uhdvrgoing test. The procedures dPSC'lhtd

i
"

ig )
% are bascd on the’ prandurEs utulnzed during the manufacture and Acieptance L e
E{‘ : tent mg ~)f lh‘,‘ BPMS, . to " ' ’

: "‘ Vi " ' 1 . . e o

o . b PR
- frequency Respon ¢ Chockout o‘ qural Londltloner 538180 IR ‘”;f,', o X
o . ‘ f t

: v , !

. " It s furs( nccpﬁsery to” cwﬁab!:sh that the center frequenCy rgrrcsp)ﬂv‘

. . ot
b . CUp A evel 01 zera’db et Plﬂ 5 o¥ P3 on hc 0.3 voll ré‘ge of the Tvm. o
{ 'y u ”.n o : “

f . do this. prorced an tollow>. , o : C . " v

i v L o W

-;l s \J R "

i, B U
f S - Cnﬂnect an audio n(c-lldlzr ro the mlcrdphune”‘gmuva'lon input on-Cont ol S
! ‘ \ R ! A 0 R ,:,r"‘l:'
L, Panct 538292 Sa it By ‘6 e lf the dial Lalnbrat|un on, the osaitlaru: ek
1 i . 0 S T o
oo il e doubt by moro than onv Cy(le Va ‘counter should bc “used: to read, thie g o
de _ ‘ . " o i " W

B IR L iulur froequency. . N ) " oy ‘\ . . o "
(- : . - o . N7

b : oo . . ' . ) . N

fi + i ; ‘ o . . " P AL/ T L

; N . Svl“f“@* 251 paint selertOr swav“R Lo position 6. ~A4;‘ t una;e%~l\arur- R
fou " ¢ _ « . o

ﬁ>- 1mp|xtudc untul the VTVH o thv a=< tesd point outpu!riacks~ind1cpiqs o “ R
0 qpproxnmalely one m!\l*vbl( LhanqL thP VTVM tn lhe }-vu1t varge. " o
'Q - " - [t : o L " " e b ‘:',. s ot . ‘.') - h ';5\‘
l'z " - . b ! et ) L A ot e Tt
FANN s - & ; £ a idppendix 8 wive W
.,/2 . ~éu\nau jmmm“u;mmummmm& S e i o FC .,("ii;,“. "iy BERNEEN
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f’w. . Connect the YTYM to the Fiegqurnty Rosponse Test tak {Rafzivnce tgnee 1F
o , S, :
. and 'scan the piilator trequency between 30 -and 40 cpe until the amenes
; ‘ T frequency is located (maximom .oltaqe). Adjust the oscilictor mltaa: urt (!
; ‘he VWM indicates sero db when set on the 0.3 volt runge.,  Sen ta maks =i

I~ - the nsci l ator = wiill at center Ffrequency aud adiu-t . f neogeeracy.

! - .. A pio; of output db.vs fog ft”qnenr;.a‘ sonva o Figure 3 my, oy b
: Outa'ned h, setting the oscillastur frequency to the vilues celled uut In
i ‘ ) " Fiuasre 3, rewording tie irdicetad db vzlue, and plotting. scivisngs bodirs
¢ . < - Lo { - . ‘ .
? : ' - are anu:Vated in‘f;gure 3, and are based upore he chickout heing conductec
- in thé mgnﬂpr Jes-rived. ‘ "
; } - o ”
Trmperctyre’ TbiprarCL theceoyl of System SLEGH
T , [ . AY
. .
. w, Adhecence (o tempirature zonvranrc< may ke confirmed by plocing the
cignal ¢ ndnlvoq“r in 2 teap~ratur" cﬁamber adjusting 3 the A Lired
= 3 temperatyre, ond chedking tne 791!0m;ng Tacts: =
. .:,' o - K o
) ;', . 1Y Cert~r frequercy shal'! remain with?ﬁ’toierﬂp?e 3¢ epe % gpct ‘
~4, [ «
% i . ) ) . - ' . .
syl e (2} 9D={ output voliege ¥s prescure <hail pe wit™sn toizrance (12 peryent).
-~ o * Ve B ;’
Bow . . . - o . N
N (3) Qutout feve! vs frequency shall remzin within toletsoc Figure 37, ¢
(T~ ’ - ' 5 |
: L e --MOTE: As pulse amplifies gain whang. > sumewhat ovet che lemprrat.ere
T | ‘range, it may be necessary A so-establich Z*ru db cu'tput of
s e " T centcr fr“daency atl each temperat.sc. 00d pressure obsar sl e
§ are cwsens-t1ve to mocyrate pul;e gain rhanac . making 2laboc.te’
. o - : P M '
S e - ) tempera!ure~gagn COﬂpenﬁci fon u«n Bcessary. ’ ,
A : | < . N .
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CSENSITIVITY . TEST
figure show- the test setup AiResearch uses

perfnrmance,

o

ne
.

4.

It

72 dyses/cm.
‘however, as AiResearch furnishes a graph {Figure 2) with each microphone

simplifying the reduction of test data.

TESTING OF MICROPHOME 538178

to check microphone
Tinportant points 1G note ara:
The microphone under tes{ and reference microphone zre located ;
close proximily to cach other, to insure eqial sound pressure leveis.
Ap oscilloscope is used to verify that the audio source is deliveriag
a reasonably undistortea wavefs.m,
The microphone undér test is connected to the "breadboard” <
conditioner for this checkout, and its output is monitored on a-c
test point No. '

The audio oscillator is set at 3u cps.

is recommended .thst the audfo:fevel be a&justed to approximateiy

Any sound pressure level from 10 to 100 dynes/cm? may be used

The normal piocedure to follow is:

,"

FRONT TO BACK RATIO Tﬁsr

Set up the ecuipment as shown in Figure |
Ad;usl the sound pre*5ure 1o cne decsred |evel

Check wave forms.

Mdnntor test point 1 {microphone outpiit). . As the sound pressure

tlevel -and the,microphone output are now known,\rhese ¥alues can
"be entered on a ‘graph simijar to- ‘the enc!osed graph (Ftaare 2)

to determuﬁe *he mtcropho¢e sensjtnvnty.

Turn the

) The output ﬁhall be a m|ﬁ|mum o? 10/ db down to mee t the. Sptctfoed tu!e:anre

(3\¢o 1Y, "and 17 |s no:mal‘y s} Phr down as to be unmeusurable Jovér the

Spei rfued <0unu

m|C|ophone under tesl over and r“peat the eensotlvvty test,

cf%urn levg/ ranqge, "
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3 Sl LT Pigare 4 shﬂm an aapmeng mga%wé h}-ﬁvtemﬂls, vqhtgh Is \s&arlbu&e& AN ’

TOAUSIUECER EVALBATICY RBRGAT
SCLID-STATE SEPILOUUVCTRA STRAII-2ABE
PRJECTY GERERT DR

- FE-403-13 3 ‘ fogo: Oeckokar 9, 1963

Scvorol ereuséucer sanufecturers vere eangoekad corty In 1983 ig an
JFfore %o ,ec;"cm a seatl 5 solld-stoxe s@mie@ﬁﬂuceev’ straln egge gransdueer
for use en fhe Project Eenial DPIS.

It wos detoralned that of the cozponies eontacted, only t~o premised
sqfﬂ@'lent Iaerest ond capobllity te Justify the awoed of o centraet For )
cvalunglon enlts. . Eentracts wore @@aée@uent!y ouorded te o vonders for
© the écvol@;mt', censgruction, ard delivery of twe tronsducers {freo each .
“verdar) fer cvaluotien pum@ses. \

Vend@v; 99 cakeunterad’ ‘esnslderoble dl?ﬂculev ia selving sezme of SR -
\ e.ke!v preblems. AfRer at !e@se exd revislons ef dellvery 40%0 their givse .
,&ﬂ:sméueer tas delivered appmlﬁmaelvp 108, eays ARB York on the scecand o
- ¢ronsducor s ssepped and. Uoﬁser» i aévlsed %hat they were dls@net&u!ng’ . A ",;,'.', i
the offerz. Yondor “6“ del lvered both: ¢ thol¥- tronsdusers several days .
f okoad ef zk\, premlscd del tvory da%e (!es"s thaa 6 v:eeka) L s - _ L

7 ’r‘hls ?ep@?t suszavizes the &es&s to whlch these tmnsdueers uere subs
xjected, ghe roaules of thfgse eosts, ‘esneluslens der‘ve# fmm the &es'a ves-
" sulgs, ond am.lclpataﬂ ﬁcl ‘@'P&@ oc%!eﬁ te be muen. ;’ g - iy o .
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Yo
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1 - o 2

‘ ?lsﬂre 1 sim:s \tﬁe eese theule usad ?'0? 2‘11; eransduce? eva%uazf@a. “‘ o ¥ . °F
?ob!e lisa tobul atien of, ehé ‘:b;ése éaea, ond ?lgﬁm Aisa plet @i‘ the . ~ ,
B lneaﬂ%y ond hys&cmﬁls., ‘It should ba\mmd o thts &’épvthae the trads= ', - R
ducor pevﬁormaccx gs, mnlaamd uslng cm aedtna?y ﬁmeury masmeov o - ,’ N

mé& &ho mssnre, wﬂt‘h 2] Ru&lem whl Hivelt p@tcaﬂmséi’ %o ropd -the- euen v R
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Ieself. Xm omy coée, Y& is feig thet there I3 sufficlent evidence thet
* hysteresls Gnd ‘lmaney ore weil withia eho sacclﬂtsd tolorances, ond

>

?srkﬁ@r test!ag is_agt .uerengly plenned for ghls unlt.

"

B e e e
. N ' *r

Z&sgectl@n of ?ai,m ¥, rung 1! ghrough 144 sﬁg‘ﬂs that the?e Is o anhg
Iaseabiiity, 52ing mslgalﬂe&nt e{xcept' for run 18 uhich has a.stighely
lopgor ervor thom that seon on the ether runs. It I's within the speeified

.J\“

%@lorame in o1l €955 &f’wavof {up. co ard Ia@!uéiwz run 16).

e - Ik wos doeldod thot the error duc to thereo] senslglvity ot °F .ond
v 3@°$ shauld be meosured Guan though u@.’?cﬁs@%l@ﬁ or this gronsdueer vos
r@quircd oaly Fvem 53°F to II§°F¢ Rutg 15 gad 16 sﬁéﬂ on ereor of Opp?ox!=
s:a%o}y 10 porecnt 8¢ 0°F, ulth ¢he eugput roguraing €9 oparenlmeoly ﬁmiﬂn!
. _ thos the tronsducer roturaed. o 60°F. Ruas 19 ord 20 ‘skew on ervor ef erly
SR porecnt {(@amlcen) eg 156%F. Ik sh@x!d Be soted, "avse'mr, thog the erver
' tﬁ@t’eﬂseﬁ 20 409 peﬁ'ceae when the imasduca? was micumed to 0°F. A re-. :
ensmfm&lea of run 14 sheus thot 1e ?@!l@wf 2 11827 vun. St fs ceajeceumé
7. thoe speroting ﬁhe ??&ﬂﬁd&!@é? ag» cveR th.- éo?'aeely e!evoted wmos’amm
‘EE}V cause O pemamag ¢herge in- co'!bmti ¢ Co
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g @ b

T "Tg"@m

Svei'ai! perfe;mame of the ﬁmméue.er tzas jt&dged to &0 satisfaet@fy 7
S ongd ln ftyﬂ ‘esaml lonce wieh the saeclﬁe@&iens, o : R

0 -

“As’ V@xﬁf "@" de(c!lnc-d te deﬂvor adélzleml uaigs, Atﬁeséarch tae this

1]

PR tim@ has:- matans fe? i’ar&her zcselﬂg on ehls uﬁl*e. ST

RSy u - - ISV

,ummsa "c" s/u 2923 S et

o b - " o N - a

= Fasu?e 3 preery ehg teBt glmuik usgd for. eﬁa!s tmnsduﬁe? evolustien. e
. k ?a!)m 3 is.0 sobmaelm @ﬁ’ etm test éata, and Figm’e 5 ls:a pl@ﬁ e? ghe <
- s?' Hmoﬂey an# hyctefcm!g. As eon ba R:-Telel, )¢ ém Flgwo 8, an fdeol Aemsmlﬁh

% Haeﬂcﬂ. wm&e ph@ﬁm‘liessam ms:s;:zar and o Lccads nnﬂ ﬂam&wp,;&e Rar ~~"‘(."‘ 7
poaeaﬁ{e:@eer were used %o exbtatgl omuset o readlagq, uht le an erdlnorv

. z%arcury mmmter and & del‘m Plulm sgmﬂamﬂe venmatar Mel 99! mre

& usaé far amther"‘gez‘ "he wal&nwltlm marmt i ﬂfze hsm:er case ate - -
beUcvad ] ba:ﬂia{resuie of e!tﬁar (!) &mnsdueer qtl mn!ag, r [ z) ~7 W
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‘ rassiving q'gwor of the Fluke vo'tmeter., It Is belloved thot the resdlags
abgalned vith tho Ideol Aevosmlth ond K2 ore cush sbbre relloble. As con -
be seen, llncoritv and hysteresis are both ence! tzng. '

Yagacetlon of Table 3 wili show thot thore Is o high degroe of instablilcy
in thls tromdv,cer. fung | tiwveugh 17 wore mode w!theut the 368 bahmre pot
as ludlegted '/n Flgure 3, henec the offset at 80 Ko p?easum., Tbase reod-
) mgs o, !a geneeol: (1) Tempuroture componsatlen is gsad Frem 0°F te
43°F {Puns 5 through 9), (2) A lorge dagreo 6f Instoblllity (Runs 1, 2, ard 3)
exlsts whlch Is errotic and unpredictable. Yetol 205@§rature erver from 559"‘ ' c
%o 115%¢ 1s appronlmogoly 2. 5 perecnt (Ruas 18 through 35). ' -

En summory, iR.wos deterﬂned tk&at the .werall performanee of this . » Co .
tronséucer, with the excepﬁon of the lnatabllley pr@blsm, was enelfe!y ‘ '

B . T R T T,

i 'sag:sfactgry. . . ” . Lo, s
w . Vendor “C“ uas csﬂtacted and mede avare of the pe?famsnce as noted . o

’{ SR hare. They promisod to ship two’ nGw t?on,sducers to Mﬁesearch ot no o ) I
SN adéitienat cost by Septasbor 27. This dote wos loter vevisec to. 8ctober 3.
e SR Thas “*transdueers “are o dea:@gstrate that Vorder "C" has deteralnad ard B o

. gc‘md the couse of the lncmblney, and wl!l net be tmcrqzme ‘eempan-
‘saged. . - AR R

. a

SR ) Ve&d@r “c? olse gave Amesea?ch the- eptlan of pu?ehas!ng twoofmr :
E .onluaﬂen tmnsduce?a, whlch will meet ol speclilcotlens, ot ghe p?éduct!qva I
S prlces. This eptlon moy be exeeclsed 15 the o t«r&n\sdueers shrpped ﬁctebe?\ '

[P VRN S S NI s
: o .- .
.

o

g‘,f}f/‘ . peﬁ‘em aotls?ocmr"y. oo L Wa e e e .
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%f " - . Flgure 2 ‘shizve. zh@ “test clréult yped for ehls eraasduecz?~ evaluat‘ieﬁ Y ) o

; e ?abin Isg mbuloetsn of the tesé‘ down. el s Ty e T
”i faspeetlén of Foble 2 nhswa the - genéral P"mm"‘e‘&g wog seen R
I < ifvem $/.2028. Run ) o wido. wigkine the 1008 bolanea pof a9 sheun fn . R
Yo'l F*Figure 2. “Tt ghould o.notad ti0%. tha balanco pot e, odjusted o provide .. "0
.+ “.d.ado output'ay uns 2/'50, ond 40, | The ‘sgrie’ capcluisions ore retivhed RO S
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: tﬁe vacuum . tapablllty was inadequate.

conmuzsf EVALUATION

o obta ned and tested for vacuum capab!iity.

'"wagg@ tank\}as found, to have a 16 lbl\gpacity

g,.

DIVELOPMENT AND TEST RROGRAN
DUAL PURPOSE MANUAL [NFLATOM
: 63818621

' \ \
. .

"INTRODUCT 10K S

In this report the wa}kiop the Development and Test Prbgfa&.for the' f
. AlResearch dual. Purpose Hahﬁbl ihfiéforifbr Project: Gemini is pfea -

?énted

No. 1,

‘This work Ig In .o%pilance to, requirements of ‘Change Ho*a¢e
‘Contract Ko, &QSQ«YIB9, Contractor Referpnce. Number HOFGD»0728¢
0708, dsted October 15, 1563 (ammendment to "Sratement of Hork for @
Blood . Pressure ﬁeasuring System for Project’ Gemini"j .-

‘\.

“The component evaluatlon covered the three major components ‘the '

squeeze buib and the two check valves \one each for the Jacuum Enle*

'*;Jgnd pro syre outlet of the Dual Purpose Hanue! lnflator)

ot

« A 'horough search of the lndusg?y was mede to locate and obtaln

samples of varlons avai}&ble squeeze bulbs Six difrerent bulbs were

The results are shown In
BulL $ is the present one belng suppl led as* part of thé

Hanugi lnflator for the. Pro;ec; Gemﬂél Blood Pressure Heasurlng System

Taé'e J

Although the pressure produced by this bulb Is satlsfactory,

‘Only two bulbs, D and F, pro=

d::e& the rpqulred -60 lnches of water vacuum. ' Bulb F’was fcgnd to. o
bb made of . a toxlc matbr!el. poiyvinyl chlorlde ’ Theréfore bulb D.‘

Pade by ngol Rubber Company -1 nunber l?Ok was the, only bu?b capable

' /énd suitable for ptoducing the requtred vacuum ‘and pressure, . Je should'
‘% n
. }’be noted.thbt these va!ues of vacuuth ere maximum va!qes as the measure-

ments we?e} ade’ with 3 manomietér of Y owe load voldine and’ the bulbs

[

were exhaygred~to thelf gul)est eggtﬂtﬁa——\

— S PR
e . : ——

) -
/ .

tlng-tbf Gemlnl Env ronmeﬂtgl Coﬁtrol Syst@m Grou(.'théh»k
voiume

Selectedu
but D to determine the nambe F- of squeezea “of . the bulb for satisfettory S

" . 0w . N o
; (l N ,,-: . - « “ " " AU
/.; " . AN " s Iy " $ A
- - { " . oL o ” A
\ b L : R

_Upon coutag

The equlvalent
.of 443 cu In. was’ used as a Toad volume fbr use® In. testing the

. Lo ¥ Ay -
. N NI
" . L o F&%?z 'g N
N e Page
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1
Ay, 7 1. ‘ i !

operation at sea level. Note that the total volume of the water tank

TN w e mm—
'
)

was used as a load. 'The number of squeezes was found te be from 14 to

i

, \ o "
16 to produce 36 ir. of water vacuw, and 16 to ™ to produce 36 in. of

5

Qarer pressure,

‘t
1

2.3 Two air control vaive de;agns were evalnated for use on the pressure , e

Rl at S il anieung

outiet of the Dual Pur?ose Manual laflator.’ 1wo check valve designs™

were also evaluated for! the vacuum inlet to. the unit o - " i

i
2.3.1  TYhe two ai?'conkro! val@e designs ‘for the pressure outiet‘icntafnedé " ‘

RS-l e 5

air flow check features that utilized a tall and subber seat In one

'deslgn (ﬁereaftef called Design A) and a flexible rubber diaphragm

' Vandnfixed seat In the second design (hereafter called, Design £), Design T

B contained .an )ndes!}able feature. - The vaive was tésted for 300 '
, mnlllmeters of mercury pressure differential across the check valve
Arter the pressure dlfferentia¥ was remcvec a cracking pressure in :

excess of 120 m!\lgmegers of mercury was required to unseat the flexl-

v " ble dlaphragm.; Design A air ‘control yal?e. which'isfbélng used on ° .

© . the Mahpal Infiagor'538!86~1-l,:was tested-and found to fpncgibn' S ';\

e gt | e G Ve e

\\; ' satisféctor!iv for the requlred ﬁaxlﬁumlpressure conditlons. 1»;7» T

'2.3.2 + Aball and ’netal seat cheik valve (hereafter called Design C) and "

\, the check. va!ve feature of Deslgn B were" evaluated for use on the . ) ')\ . ‘
vacuun- Inlet of the Dual ?urpose Manua! inflator. Hhen the squeexe . SN

T ‘ " -bulb was attached to Deslgn 3 alr control valve. tne ttme duration wes _\\

. 9 too tong for the bult to return to.a fai!y intlated condition aftes ;ﬁ o ;R

having been squeezed dnd rtleased.. The valve was modifled to reduce - oA

. the time for reinflation of the Squeeze tulb, howevér this coused the .~ \

“flexible rubber dlaphragm to becone lodged on the ftxed seat uhen<60 tn. T fn\

"

"yacuum dlfferential was applled across ‘the valve. Des!gn C

/ and functloned satlsfactorcly under the requ!red vacuum g e oy
/ " - ’ . ‘
condltio s. SN "

Soge e

S!nte e ball of the—valve in Deslgn A was not spylng Idaded" against | . By
e tha Vaive seat this could possibly allow some lcakage. checal vnlves '

N, ; ¥
é ) were gesmed far Iaakage é§\>bown ln Figure A, ~After the pressq;e o TR o
B : . N c oot e
i v ~ , o . o " } . ~ .. . -

[ Joy e o e

Vi i Ce L, ot \w:\\.'u ST Fbauaz
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AiBys,
) . . “‘"f.‘p g

rsaéhé? 320 m!llimeters'of me;cury the vafve V), was zlnsed of f, This
. allowéd the alr t3 tleed down throy hh ‘the fixed tleed orsf!re only, as
v this effectively removied . the cbeck ia!xe feature
attached to po:nt A and the same te§t awove wasrrepeated. Afggr the

i pressﬁfé‘Féd beén appl;ed‘khis'aYTOWed tbe‘jnletiside of the eheck

) valve to be vented to room ambient - The bleed down time

pressure.

from 230 millimeters of ﬂercury to 70 mili lmeters of mercury was
o ' neasured or the recotder for the two cases stated above. The b)eed
times in both'tases were almost identical wh;ph indicated ‘that the

N ‘ “, N o
Jeakage through the ball and seat check feature of the air controi

/ ‘ ;
valve Is” negllgltle :
3. ?REummm DUAL PURPOSE MANUAL INFLATORS L
C
31 * §ix Preiiminary-bual Purpose Manua! Inflaters were fabricated as shown
. \ 3 in Figure il These units were suppl;ed ln comp':ante with Paragraph
L S
N\ . 2.3(a) of Change Notice No. 1. ' : z
3;§~' . The assembled prelimlinary units vere tested under slmulated operating
,\\_ condizuons to determine the vacuum and pressure produced.
3.2. l\ The test Se;up for the vacuum test is shown In Figure lli(e) The -
, ‘test. resuits are shown in Table . o : o
\) - .
. \ . - .
3.2.2 Vhe test §etup for the pressure test is st oyn"7n Figure 111(b). The

N ﬁ&st resu}ts are spcwn in Tab!e ll
N\

3.3 Af@er campletlag the abové pressuﬂe and vacuum testing the six Pre-
l!mnnary Dual Purpose Hanual inflators, /N 538!86o2=l were shlpped to
NASAYHouston. v R . — | ' y

UPMENT PROCRAM EVALUATION . | S

.\ W

o " meeting ﬂas held. Represented were NASA;. AlResearch ﬁrpject Gemini, '

LT ' gnv}ronmehtar Control System Group. and AlResoarch.quhect Genlni,
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°Bl¢od Pre&gyre Measurcng System Group. ?he reSults anq concluslons mf

Thg squeeze bulb was

in an ttempt to establish a. real:stlc test evquation proqram for -
“the, fanl design of the Dual Furpose Manua% 'nfla;or. a coardlnatlon' )

.
n
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i the neeting were reported In YSpecific éﬁﬁon‘ﬂeview, 8lood Pressure

" Measuring S/stem 4803, Project aemip.” A‘R esearch Repor{AF'ehhés-HR

g. “ . dated NO\emcer 20, 1963 A copy of‘¥hi5 report Is included as Appendix ; ’

A for reference purpo<es R \@ N
3 The test program for evaliation of tne . final deslgn is as specfi{ed in
L IO 1 Paragraph 2.3(d) of f(-LLUES-MR]

P’GSSUfG and vacuum testing were per= 0 !
formed a’

o [

oth sea ae»e} and at a samulated a!titude of 27,000 ;¢ ;f‘ & : \\
K \

)

P

%
T
-

/

With the test setup as in F!gure 1 of fC-+k6S-HR utest:ng at sead. L@vel -
of 'vacuum capatllltv, Paragraph 2.

Sy

3{d). 7., and,pressure capablL{}y,

1(d).2 was perfcrmed with'a Dual Purpose H#hual Inflator.
The unit was tested in. three different att’tudes to take
any effects of the cherk valves;

Paragraph 2

into account ) §

T it

thure v Snows the three attftudes : g N

for »acaum testanq arid Figure V shows the three attatudes for ptessure
testinq

n

The test data for. the vacyun anddpressure tésts 3t cea level
(r‘l
are shown in Tableé 1 and IV respert:vely T " . : o

i
o

24

LR

5,2.2 The test of ?aragraph h(Z.l above was repeated except the surrounding.

pressure was equiva!eni to an“altitude of 27,000 ft,

3t

Photographs. ...~ ‘ 1. S
4942741 ‘and 494272 show the test set up It the altitude chamber. The'

test data for vacuum and pressure testlng at 27,000 ft, are presented '

i

R ST ( )

. in Tables Vv and Vi respectively o
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. \Taklng the. hor:zonta! attitude as the most representatfve,of actuai R

o op\{atlng conditlons ht can be 'seen from the data [n Tatle 111 that

to\5 ;queezes of the bult wnll produce’ 36 in of water vacuum at ' K ‘ '

iLea leve! environment. From Table 1Y the: data reveals that 4 squeezes -

o . of the nu]b witl produce 36 In. of water pressure at sea level.

Ina. e
A R
27 00G ¥t envlronment, Table V reveals that 20 to 2! squeezeq are re=, -

'ﬁqulfed to produce. 38 in. of water vacuum ,@b!e/Vl reveals that 12 to .

L 13 squeezes ‘will produce 36 in. of water pressure at 27,000 ft.

in ,
general

the, Preliminary Dual Purposebﬁanua? lnflator functloned very .
satlsfac?orlly when tcsted under 'simulated operattonal condltlons in h
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e auLe cAPARLLITY

y =i R . B N

Bulb %acugm K ' v
W Type {In, ‘of Water)
b T SIS . 3.3
¥ : / L
[ . o
i ' . 3 3717
i o : R -
» , C 52.7" \
o s o . v . 8222
1 ' : ©ow T ! "
oo ) - . E 52.7 :
) F 1018 7
13 o - I TASL! sl'
' /\\
. v o ‘PREL!H!NA%Y MANUAL INFLATOR TEST. DATA
{‘: . . '!. ‘}‘ ‘ o 2 (2‘;; , b
¥ Practica*”‘ A ,
¥ ., . ' 4 Maximum.- N . Pressure¥®¥
: 4 ) Untt Vacuum# . - T
4 . S/N 1 {¥Al of water) (in. of water), (mm Hg.)
S R T T R >lBLjN x50 v
v ! 2 . 8.2 >182,5. Ty o> 350 -

3 48,3 ! >187.3. | >350

). oy 501 1 > 187.3 .‘_ >30 | ,
) L 5 | 48.8' s 187.37"‘Jf‘ > 350
) 6 | w7t ] o= j54187'3 - > 350

“#The bﬂ.b wag pumped un(ll a pract"al ‘max mum vanuum limit was obtalned This
left thd bulb in a veflated state g’ ‘further exhaustlon was stopped as this, o
wag . deemed a pr4¢t1cal max fmum vacudm imit, St
u o . . \
**Since the pfessure capabjlitlies fa¢ exceeded the requlred preSSure. 2. test o
&4 - max i mum limlt of 350 mn Hg, way selected. = Wt EEATOE
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o ) 5 . g ot L.z Y .. 36— .
. i z S e 3 ! . N
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Tes,
o

‘ TASLE
LCACYUM TEST DATA AT 27,300 FT
T - - 7 —
- 3 urig Attitude ] Numter | i Water
, . ! Vereicatl Vestical 1 sdoriz. g of | Vaceurm i into Tank
Number ! i+ Vo 3% ! Sqieezes {1, of Uater) i {cuv cm)
- 5 [ 3 -
- & _ i - i ,
I L‘i x g ] ; 3,'5/ =
i Cg Ra - -
\ 2 1y i 1617 38.0 - -
1 H LS 3
. 3 1 x 5 ooz 318 ! -
f . e i : ~
i _ g & X LA : 38.9 -
= H ﬁf' s -
.. F 5 K o r X i : 22 : 37.7 -
‘\\ " Lo N ! B : : L} g
i . & o R X “« i ; 22 -~ ; - 3B.0 -
e N : - e * ™ — - T
- w7 :' ¥ , w0 " b 4 ; 2i 4 37.5 -
;‘3; 8 _ ‘ ) . 3 ) ] & ¥ ; ] ~2° i g 37.7 i <
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- ‘ > . H g , : : ! . < -
S I P : X . ! 38.0 : -
Y Lo ma - $ : - - - - it
: 10 N B ¢ 0 0 - "ok e
o ‘ X 8 . 37.0 -
: : e X % 23‘ J‘ ) »k‘ol. :Iq 82 3
Sox ‘28 43.5 233.9
o xS 2]
| i L ) ) o .
. o 7 4 " - “‘r/\ RN - .-
. - " L S ™ .
- B 0 _ 7u I N Lo N \. = . N

gnhere wag, po: notxcable change in the erfort res;usred te oump the squeeze e
/bu!ﬁ'l AL Z? 000 ft.* corcpared Gto sea levei eﬁffort.A . "“_ . e e

., v, - v S

For 31m055°check ‘bf the above aat»a, the Lult 'was pmped at a rapld rate frr'
'«_t&v: hortzoma} &tt:tude at 27,00¢ f¢. On the ZOth scﬂ\«eze waten wxs draym
{nto the tanﬁf }ust“as fn tive "above data.- N
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of the dlscusslenﬁ, proposed compot Ible test progrom for the Dua! Pura@so o
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1n the discusaien with Rebort Froot of RARA 1+ vas rovenled that
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p?adneed staH ba' rocordod.

-;- '.-" ENE o/ ) ,,’

L o O j Lo
ks . 2 ;o -
it :

,? o . o L WGoBAR%IR ‘."‘ e
i a AR i | . Poga 2ef &

ngueozos requircd opd the y‘a produved shall be-vesadded. L




£t 15 reuested that the second parograph te chenged %0 rord "The .

L n“,\ ‘ h K
N weitien res0 "t Aand the prototyne Penua! Inflators spec'fied in paroe

: : , gragh 2.3(k', {c} wnd {6} avove, shal! 52 dellvered 9a o borare :
Lo . . Febyuory 3, 11047 . ‘ N }

q: - . |l“ . * K . 7' ) i B F - R -
., T 7 a ‘ o A P

. : ’ . . ’ . Qerrvah%l}lps ' T
: S 2T ~ - . Fiight Bots and Eloetvenies
‘ - Systeos” o

. - " -

“




d

AL,

* b ' D

LA AL
2 v
¥

A
,

9

St
p

A\

o
<

W,
g
[
o
<

A

ERE- SO

Y- X
Y

Wi

MR ¥ 3% e AT

2.
S

&

"
3
S

e

%
g
g

\

L

A ) e N
LSt E

s . }: -. :‘l‘ S u o - Q . . ‘ “ e
T Pogogd Hanin “Inflotbe Tost Yobip
e o E T e T

S
VNS, A

TSt






